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EXAMINATION OF THE RELIABILITY AND VALIDITY
OF RANCHO LOS AMIGOS
OBSERVATIONAL GAIT ANALYSIS

ABSTRACT
The Rancho Los Amigos Observational Gait Analysis system (Rancho OGA) is a
standardized approach utilized to assess gait impairment for various diagnoses. Physical
ther^ists, orthotists, and physicians utilize Rancho OGA for clinical decision making
and recommending treatment interventions for gait disability. This study examined the
reliability and concurrent validity of Rancho OGA 6om gait files obtained from the
GVSU/Mary Free Bed Center for Human Kinetic Studies. Comparisons were made
between computerized 3-D gait analysis and Rancho OGA data from videotaped records
of cerebral palsy gait to determine the level of agreement utilizing the Kappa statistic and
percent agreement. Results indicated moderate to substantial intra-rater reliability, and
fair to moderate inter-rater reliability and concurrent validity of Rancho OGA at the
ankle, knee, and hip in the sagittal plane. Rancho OGA is a moderately reliable and valid
clinical tool that can be utilized to monitor treatment progress and to assess treatment
outcomes.
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OPERATIONAL DEFINITIONS
Cerebral Palsy Classifications*'^
Spastic Diplegia: A classification of cerebral palsy caused by an upper
motor neuron lesion resulting in increased muscle tone and greater paresis
of the lower extremities than the upper extremities.
Spastic Hemiplegia: A classification of cerebral palsy caused by an upper
motor neuron lesion resulting in increased muscle tone and greater paresis
of the upper and lower limb and trunk on one side of the body.
Spastic Quadriplegia: A classification of cerebral palsy caused by an
upper motor neuron lesion resulting in increased muscle tone and paresis
involving both upper and lower limbs.
Computerized Three-Dimensional G ait Anafysis: Typically, a system that uses
motion tracking systems, force platforms, electromyography, and biomechanical
modeling to determine kinematic and kinetic parameters of the trunk and the
lower extremities of gait.
Concurrent Validity: The degree to which the outcomes of one test correlate
with the outcomes on a criterion test, when both tests are given at relatively the
same time^.
Critical Events of Ambulation: The joint motions or positions that contribute to
the accomplishment of the functional tasks of ambulation'*.
Double Limb Support (DLS): The period in the gait cycle when both feet are in
contact with the floor'*.
Functional Tasks of Ambulation'*
Weight Acceptance (WA): The period of time during the gait cycle when
weight is rapidly loaded onto an outstretched limb. WA includes the phases
of Initial Contact and Loading Response.
Single Limb Support (SLS): The period when the body progresses over a
limb, transferring weight onto the metatarsal heads and the heel comes off
the ground. SLS includes Mid-Stance and Terminal Stance in the normal
gait cycle.
Single Limb Advancement (SLA): The period when the limb is unloaded,
the foot leaves the ground, and the limb moves from behind the body to
reaching out in front of the body to take the next step. SLA includes the
phases of Pre-Swing, Initial Swing, Mid-Swing, and Term inal Swing in the
normal gait cycle.
iv

G ait Cycle: A sequence of events occurring from heel strike to ipsilateral heel
strike.*’^
G ait Cycle Phases*
Stance Phase: The period of time during the gait cycle when the reference
limb is on the ground.
Swing Phase: The period of time during the gait cycle when the reference
limb is off the ground.
G ait Cycle Snbphases^
Initial Contact (IC): The beginning of the stance phase in the gait cycle
when the heel or another part of the foot contacts the ground.
Loading Response (LR): The portion of the first double limb support
period of the stance phase firom initial contact until the contralateral limb
leaves the ground.
Mid-Stance (MSt): The portion of the single limb support stance phase
that begins when the contralateral extremity leaves the ground and ends
when the body is directly over the supporting limb.
Terminal Stance (TSt): The last portion of the single limb support stance
phase that begins with heel rise and continues until the contralateral limb
contacts the ground.
Preswing (PSw): The portion of stance that begins the second double limb
support period fi’om the initial contact of the contralateral limb to lift off of
the reference limb.
Initial Swing (Isw): The portion of swing phase in the gait cycle firom
when the reference limb leaves the ground to m axim um knee flexion of the
same limb.
Mid-Swing (MSw): The portion of the swing phase firom maximum knee
flexion of the reference limb to a vertical tibial position.
Terminal Swing (TSw): The portion of the swing phase firom a vertical
position of the tibia of the reference limb to just prior to initial contact
G ait Deviations*
Limited EDp Flexion: Less than normal hip flexion for the specific phase
of the gait cycle.
Excessive Efip Flexion: Greater than normal hip flexion for the specific
phase of the gait cycle.

Inadequate Elip Extension: Less than normal hip extension for the
specific phase of the gait cycle.
Limited Knee Flexion: Less than normal knee flexion for the specific
phase of the gait cycle.
Excessive Knee Flexion: Greater than normal knee flexion for the specific
phase of the gait cycle.
Inadequate Knee Extension: Less than normal knee extension for the
specific phase of the gait cycle.
Knee Hyperextension: Extension of the knee joint beyond neutral during
the stance phase of the gait cycle.
Excessive Plantar Flexion: Plantar flexion greater than normal for the
specific phase of the gait cycle.
Excessive Dorsiflexion: Dorsiflexion greater than normal for the specific
phase of the gait cycle.
G ait Trial: The sequence of events occurring throughout the distance traversed
by the subject firom one end of the gait test walkway to the other (approximately 6
meters). The gait trial includes several complete gait cycles.
Hypertonic: A state of increased muscle tone above normal resting levels^.
Hypotonic: A state of decreased muscle tone below normal resting levels^.
Joint Motion: The amount of movement occurring at a particular joint during the
gait cycle.
Kinematics: The study of motion without regard to the forces causing the
motion.
Kinetics: The study of the forces causing motion.
Observational Gait Anafysis (OGA): Visual evaluation of an individual’s limb
and trunk motions during ambulation .
Reference Limb: The limb that is evaluated during observational gait analysis'*.

VI

Representative G ait Cycle: The gait cycle during which kinematic and kinetic
data were collected and utilized for a three-dimensional gait analysis. The
researchers analyzed the graphed kinematic data from this gait cycle during the
concurrent validity study.
Representative G ait Trial: The gait trial that has the representative gait cycle
within it.
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CHAPTER ONE
INTRODUCTION
Background to Problem
The systematic study of gait began as early as the Renaissance by scientists such
as Newton, Galileo and Leonardo Da Vinci^. Early 19***century systems of gait analysis
utilized cinematography, wooden markers, and manual digitization to locate key
anatomical landmarks on a &ame-by-&ame basis^’^. However, gait analysis utilizing
cinematography required extensive time for data acquisition and processing, and for
operator training®.
Over the past twenty years, gait analysis has evolved so that computerized
methods make data acquisition and processing more efGcient^. Current technologies
include high speed video and optoelectric cameras and various other motion sensors,
automated motion tracking systems, and force platforms that allow kinematic and kinetic
data to be obtained simultaneously and synchronized®. Analyses of electromyographic
(EMC) activity and energy consumption are often used in conjunction with kinematic and
kinetic data for the gait analysis®.
The type of data generated by computerized 3-D gait analysis includes kinematic,
kinetic, and temporal distance measures®. The kinematic variables include joint angles
and joint angular velocities and accelerations of the lower limbs and trunk. Examples of
kinetic variables are ground reaction forces and joint forces, moments, and power. Step
length, stride length, cadence, velocity, and amount of time spent in stance phase and
swing phase are obtained firom temporal distance measures. Because o f its ability to
1
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generate quantitative and objective data, computerized 3-D gait analysis has been
established as a valid and reliable system for measuring gait variables^"^. Therefore, the
data obtained firom computerized 3-D gait analysis has been used to determine
pharmacological, surgical, and treatment recommendations. Gait analysis can also be
used to assess treatment outcomes, and to expand knowledge regarding the control of
gait‘.7.io

Although computerized 3-D gait analysis is a reliable and valid tool, it requires
costly, extensive equipment, computer technology, and advanced training for evaluators.
Furthermore, it is not readily available for clinical use". A method of gait analysis
typically used in the clinic is observational gait analysis (OGA). OGA is a gait analysis
method that utilizes the human eye to identify gait deviations by comparing the patient’s
gait to a model of normal gait patterns. Utilizing OGA requires minimal time, expense,
and equipment for clinicians as compared to computerized 3-D gait analysis. However,
multiple gait deviations and multiple joints can not be viewed simultaneously, which
limits the therapist’s observations and gait analysis. In addition, the human eye is unable
to detect changes of less than five degrees in range of motion (ROM) or movements
occurring faster than 83 milliseconds^'^. Another disadvantage is the lack of an objective,
systematic method for OGA. Clinicians often utilize their own approach to OGA, which
can lead to inconsistencies among clinicians’ gait observations. Subtle gait deviations
may also be missed.
Dr. Jacquelin Perry led the staff of the Ranchos Los Amigos Medical Center in
creating a systematic OGA approach for recording multiple gait dysfunctions in clinical
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populations ^ This instrument, the Ranchos Los Amigos Observational Gait
Analysis System (Rancho OGA), has been utilized by clinicians and refined over the last
20 years. The first step in Rancho OGA is to acquire data by observing the patient’s gait
pattern to gain an overall impression of the patient’s gait deviations'*. Next, focusing on
one joint at a time, gait is observed systematically throughout the major phases and
subphases of the gait cycle, starting with the ankle and progressing upward to the knee,
hip, and trunk'*. Gait impairments are identified by a deviation fix)m normal gait A
standardized form (Appendix A) designating the phases in which gait deviations are most
Likely to occur, is used to record gait deviations. Utilizing a problem solving approach
combining observation of gait with clinical examination data, the potential underlying
causes of the observed gait deviations are then generated. Rancho OGA is a commonly
used clinical tool for evaluating gait pathology in a wide range of neurologic and
orthopedic diagnoses. This objective tool is also utilized for making clinical treatment
decisions and for assessing treatment outcomes'*.
A clinical population that has benefited significantly fiom both OGA and
computerized 3-D gait analysis is children with cerebral palsy*’^’*®. Cerebral palsy (CP)
is a term given to a group of diverse syndromes caused by damage to the central nervous
system (CNS) during prenatal, perinatal, or post-natal development. CP is often
classified by clinical presentation including spastic diplegia, hemiplegia and quadriplegia,
as well as athetoid, ataxic, and a mixture of the various clinical presentations of CP.
Characteristic sensorimotor impairments of spastic CP include abnormal muscle tone,
weakness, lack of selective motor control, loss of sensation, and impaired balance and
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coordination. These primary motor deficits can lead to secondary biomechanical
and growth problems such as muscle tightness, joint contractures, and bony
malformations. As a result of these primary and secondary impairments, children with
CP often present with gait disability. Their gait pattern is characterized by multiple gait
deviations depending on the type and severity of the disorder and therefore, is an
inefficient gait pattern. In general, children with CP use one and a half to three times the
normal energy required for w alkingInefficiency in their gait patterns is caused by a
lack of normal gait prerequisites, which according to Gage include: 1) stability in stance,
2) toe clearance in swing, 3) preposition of foot for initial contact, 4) adequate step
length, and 5) energy conservation^®.
The gait of children with spastic diplegia, hemiplegia, and quadriplegia can be
classified into two most common characteristic gait patterns: crouched gait and stifflegged gait. However, high variability exists in the degree of the child’s impairment
displayed in these two gait patterns. Common characteristics of crouched gait, seen in
spastic diplegia and quadriplegia, include anterior pelvic tilt, excessive bilateral hip and
knee fiexion, and excessive ankle plantar flexion \ These gait impairments result in
instability of the foot in stance, decreased toe clearance in swing, and an increase in
energy expenditure. Children with stiff-legged gait, often seen in hemiplegic CP, present
with ankle equinovarus throughout the gait cycle, knee hyperextension in stance phase
and inadequate knee flexion in swing phase resulting in difficulties with toe
clearance*’*®’’^*^.

Problem Statement
OGA is the primary tool used daily in the clinic to identify these gait deviations in
children with

Physicians, physical therapists, prosthetists, and orthotists, who

evaluate and treat children with CP, utilize information from OGA to design treatment
interventions and surgical recommendations, to make decisions for orthotic and assistive
devices, and to assess treatment oirtcomes^’®’*®’*^. Therefore, obtaining valid information
from OGA is critical for making accurate treatment decisions to address gait dysfunction
and minimize gait disability in children with CP, and consequently reduce the expenses
and time spent in treatment
OGA has been found to be poor to moderately reliable*^’**’*®’^®’^*’^ . There are
many possible contributing factors to the moderate reliability of OGA. For example, in
examining the reliability of OGA, no standardized form has been consistently utilized^^.
A consistent standardized form would provide an organized approach to OGA so that
subtle gait deviations are less likely to be missed. In addition, the training of raters in
previous research studies was often insufScient to provide all raters with the knowledge
base needed to perform OGA accurately*^.
Rancho OGA is a systematic approach to OGA that is not only frequently utilized
in the clinic, but taught nation-wide to physical therapists and orthopedic residents as an
effective tool for gait assessment*’®’*^’*^’*^. However, there is a paucity of published
research that has examined the validity and reliability of Rancho OGA. Rancho OGA is
also a commonly utilized to identify gait deviations in children with spastic CP.
However, there are no published research studies that examine the reliability or validity
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of Rancho OGA in this population. Greenberg and colleagues examined the
concurrent validity of Rancho OGA in normal subjects and subjects with various
diagnoses such as hemiplegia, spinal cord injury, traumatic brain injury, peripheral nerve
injury and post-polio by comparison of observed joint motion to 3-D kinematic data^.
The concurrent validity of Rancho OGA in Greenberg’s study was found to be fair to
moderate.
A possible contributing factor to the fair to moderate validity is that the raters’
may have been biased when observing normal subjects. For example, observing a subject
with a normal gait pattern may have biased the raters into thinking the subject had no gait
deviations*’"^. Research has shown that the accuracy of OGA is improved when
observing pathologic gait because a person with pathologic gait ambulates with more
obvious gait deviations*^. OGA is limited because the human eye can not detect
movements occurring faster than 83 milliseconds or changes in ROM o f less than five
degrees, and can not view several joints simultaneously*’^. However, using videotaped
gait records of a subject minimizes these limitations*^.
Further research needs to be conducted so that Rancho OGA can be accurately
utilized for making clinical decisions and assessing treatment outcomes for children with
spastic CP. In addition, further research on Rancho OGA will identify areas that Rancho
OGA is highly reliable and valid in identifying gait deviations and those areas that
Rancho OGA is not The results of this study will contribute research-based information
regarding the validity and reliability of Rancho OGA, a tool that is presently utilized by
clinicians and taught to physical therapy students, and is commonly utilized on the CP
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population. Furthermore, if Rancho OGA is validated, insurance companies may
recognize it through reimbursement as an effective clinical tool for assessment of gait
impairment in children with spastic CP.
Purpose
The purpose of this study was to examine the intra-rater and inter-rater reliability,
and concurrent validity of Rancho OGA in children with spastic CP. Intra-rater
reliability of Rancho OGA was examined by comparison of individual rater’s initial and
repeat observations of twenty-six sagittal plane ankle, knee and hip variables based on
videotaped records throughout the subphases of the gait cycle. Inter-rater reliability was
examined by comparing each rater's observations with the other rater’s observations for
each of the twenty-six sagittal plane variables. To examine the concurrent validity of
Rancho OGA, comparisons were made between observations o f videotaped joint motion
of the ankle, knee, and hip in the sagittal plane throughout the subphases of the gait cycle
utilizing Rancho OGA to the respective kinematic data generated &om computerized 3-D
gait analysis firom children evaluated at the Grand Valley State University/Mary Free Bed
Center for Human Kinetics Studies (CHKS).

CHAPTER TWO
LITERATURE REVIEW
Normal Gait
The highly coordinated movements displayed in ambulation are a result o f a
complex interaction of central nervous system control mechanisms and the
musculoskeletal system, resulting in efBcient forward translation of the body in space.
Ambulation is primarily controlled by the central nervous system (CNS). The CNS
controls inter-and intra-limb coordination, force production, multiple limb trajectory
patterns, center of gravity (COG) and joint position adaptations, auditory, visual,
vestibular and proprioceptive sensory information processing*^. The role of the PNS in
ambulation is to provide sensory information to the CNS about mechanical characteristics
of muscles, limb position, and the environment so that the body can adapt and make
appropriate changes
The development of locomotion in humans involves both the maturation of the
CNS and motor learning

Infants are bom with an innate circuitry pattern for

locomotion*^"^^. Research suggests this locomotion pattern may be composed of a
collection of neurons within the spinal cord called central pattern generators (CPGs)*^*^®.
CPGs are an organized neuromotor pattern from which a controlled rhythmic movement
is produced^^. CPGs are present at birth, and then are refined and adapted for fimctional
locomotion with growth and experience. At two to three months of %e, the infant’s
locomotion pattern begins to transition from synergistic to more voluntary and precise^^.
8

This txansitioii occurs because with maturation of the cerebral cortex, supraspinal
centers can modify activity of CPGs for the production of a more coordinated and
adaptable gait pattern. Therefore, through experience and maturation of CNS and PNS
interactions, a child leams a controlled pattern of ambulation. When a lesion in or lack of
development of the supraspinal motor centers occmrs, as in cerebral palsy (CP), children
lack the emergence of a normal gait pattem^*^^.
There are three basic requirements necessary for normal ambulation: progression,
stability, and adaptation^^. Progression refers to the movement of the body in a particular
direction. Stability refers to the maintenance of body support against gravity. Adaptation
refers to the manipulation of one’s gait pattern in response to changes in one’s
environment. These requirements for normal ambulation are fulfilled if certain goals are
met during the stance and swing phases of the gait cycle. In stance, horizontal forces
need to be generated or controlled against the surface of support for progression, and
vertical forces need to be generated to support the body mass against gravity for stability.
Furthermore, the ability to achieve progression and maintain stability must be adaptable
to alterations in direction, acceleration and support surface. Gage further describes
normal gait as characterized by five major attributes*®’^^. These attributes include
stability in stance, sufficient foot clearance, appropriate swing phase pre-positioning of
foot, adequate step length, and energy conservation. These attributes are commonly
deficient in the gait pattern of children with CP.
There are two major classification systems of normal gait: traditional and a
system developed at the Ranchos Los Amigos Medical Center (Table 2.1)^\ Both of
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these systems divide the gait cycle into two phases, stance and swing phases, and eight
subphases. Although the eight subphases for both systems are similar, the classification
system developed by Rancho allows fiar a more accurate description of abnormal gait*’^'^.
For example, a person may contact the ground with the forefoot rather than the heel. In
this case, the person's gait pattern does not fit the traditional classification of heel strike,
where the heel contacts the floor first. A better description is initial contact, which is the
first contact of the foot with the ground.
Each subphase of the gait cycle is associated with specific critical events*’^. For
example, at initial contact the critical event is heel contact'*. However, children with
spastic hemiplegia often contact the ground with the forefoot secondary to excessive
plantar flexion of the ankle on the affected side*^. This contributes to a lack of stability in
stance and limits the forward progression of the limb. In mid-stance, the critical event is
controlled tibial advancement'*. In children with spastic CP, excessive tibial advancement
in mid-stance secondary to weak triceps surae leads to decreased stability in stance*^.
Children with spastic CP also often present with co-spasticity of the rectus femoris and
hamstrings resulting in a lack of knee flexion which is a critical event for the reference
limb in initial swing'*’*®. This lack of knee flexion in swing results in difGculties with toe
clearance, which often prevents heel contact in initial swing*®.
The sagittal plane contains the most important ankle, knee, and hip motions that
contribute to a normal gait pattern^. The normal template for ambulation is used as a
model fiom which to make judgements about abnormal gait^. The summary data firom
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3-D gait analysis of sagittal plane joint kinematics, kinetics, and EMG analysis during
a normal gait cycle is presented gr^hically in Appendices B, C and D \

Traditional Classification

Rancho Los Amigos Classification

Heel Strike: The beginning o f the stance phase
when the heel contacts the ground.

Initial Contact: The beginning o f the stance phase
when the heel or another part of the foot contacts the
ground.

Foot Flat: Occurs immediately following heel
strike, when the sole of the foot contacts the
floor.

Loading Response: The portion o f the first double
limb support period of the stance phase from initial
contact until the contralateral limb leaves the ground.

Mid-Stance: The point at which the body
passes directly over the reference limb.

Mid-Stance: The portion o f the single limb support
stance phase that begins when the contralateral
extremity leaves the ground and ends when the botfy
is directly over the supporting limb.

Heel Off: The point following Mid-Stance at
which time the heel of the reference limb leaves
the ground.

Terminal Stance: The last portion o f the single
limb support stance phase that begins with heel rise
and continues until contralateral limb contacts the
ground.

Toe Off: The point following Heel O ff when
only the toe o f die reference limb is in contact
with the ground.

Preswing: The portion o f stance that begins the
second double limb support period from the initial
contact of the contralateral 1Mb to lift off o f the
reference limb.

Acceleration: The portion of beginning swing
from the moment the toe o f the reference limb
leaves the ground to the point when the
reference limb is directly under the body.

Initial Swing: The portion o f swing from die point
when the reference limb leaves the ground to
maximum knee flexion of the same limb.

Mid-Swing: The portion of the swing phase
when the reference limb passes directly below
the body. Mid-Swing extends from the end of
acceleration to the beginning o f deceleration.

Mid-Swing: The portion o f the swing phase from
maximum knee flexion of the reference limb to a
vertical tibial position.

Deceleration: The swing portion o f the swing
phase when the reference limb is decelerating
in preparation for heel strike.

Terminal Swing: The portion o f die swing phase
from a vertical position o f the tibia o f the reference
limb to just prior to initial contact

Table 2-1. Comparison o f traditional versus Rancho Los Amigos classification systems
o f normal gait^^.
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Cerebral Palsv and Gait Related DeiScits
Cerebral Palsy is a non-progressive neurological disorder caused by a lesion
within the central nervous system during pre-natal, perinatal, or post-natal development^.
Pre-natal etiologies include cerebral malformation or CNS damage secondary to an
inherited genetic defect teratogens (i.e. viral infections, drugs, and maternal toxemia),
maternal factors (i.e. poor nutrition, blood incompatibili^, metabolic disease, and
premature labor), and idiopathic causes^. CNS or PNS damage may occur perinatally
because of asphyxia, kemicterus, or mechanical trauma during delivery^. Post-natal
complications occur up to three years of age and may include brain damage secondary to
infection or trauma, cerebral vascular accidents, or toxicosis^.
The site, etiology, or degree of the lesion and the age of the child determines
characteristic manifestations of CP. For example, a lesion o f the pyramidal tract and one
or both cerebral hemispheres may result in spastic diplegia, spastic quadriplegia or
spastic hemiplegia^^^. Characteristic sensorimotor impairments of spastic CP include
abnormal muscle tone, weakness, lack of selective motor control, loss of sensation, and
impaired balance and coordination. These primary motor deficits can lead to secondary
biomechanical and growth problems such as muscle tightness, joint contractures, and
bony malformations^’^^’^^. As a result of these primary and secondary impairments,
children with spastic diplegia, hemiplegia, and quadriplegia CP often present with gait
disability.
Children with spastic hemiplegia present with near normal function on one side of
the body while the other side has sensory and motor deficits. In these children there is
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greater upper than lower extremity involvement and their intelligence ranges from
normal to mildly impaired. Common gait characteristics displayed in children with
spastic hemiplegia include internal rotation of the lower limb of the affected side, ankle
and foot equinus, and excessive hip flexion/adduction on the affected side^^. Other
common gait characteristics include hyperextension of the knee in stance phase, and lack
of knee flexion in swing phase causing difGculties with toe clearance*^. Typically,
children with spastic hemiplegia are independent com m unity ambulators although energy
expenditure may be excessive owing to these gait abnormahties^^.
A child with spastic diplegia has greater impairments in both the lower limbs than
the upper limbs. They have normal to slightly impaired intelligence and are usually able
to walk without assistive devices. Characteristics that are common in their gait pattern
include bilateral excessive hip flexion, adduction, and internal rotation along with
excessive knee flexion throughout the gait cycle‘s. Other common characteristics include
hindfoot valgus with forefoot supination and abduction throughout the gait cycle
A child with spastic quadriplegia often presents with severe sensory and motor
impairments of all four extremities. Therefore, most children with spastic quadriplegia
are non-ambulatory or limited therapeutic ambulators. If these children do walk, their
gait characteristics are similar to those with spastic diplegia. A child with spastic
quadriplegia may also present with impairments in other areas such as speech, hearing,
vision and mentation.
Subcortical lesions of the basal gangha and extrapyramidal tracts cause athetosis,
the characteristic movement patterns of children with athetoid CP‘^ . The movements
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of children with athetoid CP are continuous and uncontrolled becoming more severe
with voluntary initiation. Consequently, fine motor coordination and purposeful
movement is difficult
Ataxic CP predominantly involves subcortical and cerebellar le sio n s'^ . Infants
with ataxic CP are hypotonic at birth but become hypertonic by late infancy. The
hypertonicity may persist throughout childhood in infants with ataxic CP. Their
movement quality is uncoordinated and unbalanced and may be accompanied with
intention tremor. Children presenting with combinations of spastic hemiplegia, spastic
diplegia and quadriplegia, athetoid, and/or ataxic manifestations are labeled as “mixed
Q P » 12.29

A comprehensive analysis of CP gait is fiequently necessary to identify gait
abnormalities and determine appropriate intervention strategies''^^"'^. Surgical
intervention is commonly used in children with spastic CP to address secondary
impairments such as joint contractures and muscle tightness. Quantitative analysis of gait
prior to surgery may be performed to determine surgical and treatment
recommendations^’*®’". Post-surgical gait analysis is necessary to measure treatment
outcomes^'*®’**. Gait analysis may also guide clinical decision making regarding use of
orthotics, assistive devices, and therapeutic exercise interventions*’*®’*^. Both therapeutic
and surgical interventions are aimed to improve the efficiency and adaptability of
walking function in children with spastic CP.
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Quantitative G ait A nalysis
Quantitative gait analysis techniques provide insight into kinematics, forces and
the electromyographic components of gait resulting &om gait dysfunction.
Consequently, quantitative gait analysis has allowed researchers and clinicians to expand
their understanding of gait and gait dysfunction. Clinical biomechanists have used these
analyses to measure the efficacy of treatment interventions^’*^. Quantitative gait analysis
is used across the country, in both clinical and gait laboratory settings, to make decisions
regarding medical, surgical and therapeutic interventions in children with
Gait analysis is also used to study a wide varied of other neurologic disorders,
orthopedic and athletic injinies, orthotic, prosthetic, and assistive devices, and to evaluate
prosthetic joint replacements®.
There are five systems of measurement that constitute quantitative gait analysis
techniques. The five systems include motion analysis, electromyography (EMG), force
plate recordings, temporal-distance (T-D) measurements and energy cost analysis.
Methods of obtaining T-D measures are common to both gait analysis laboratories and
clinical settings. The instruments utilized to obtain stride characteristics, however, vary
in each setting firom highly technical in gait laboratories to simple foot print methods in
clinical settings.
Motion analysis identifies the kinematics of individual joints. Kinematic
variables include joint angles, and angular velocities and accelerations of the lower
extremities. In most gait laboratories the instruments most commonly utilized to obtain
kinematic data include optoelectric or high speed video cameras. Markers attached to the

16

skin at specific anatomical sites define the position of the limb segments and the joints
that connect them^^. The data acquired firom motion analysis systems are used, following
post-coilection processing, to define joint and limb segment positions throughout the gait
cycle. In clinical gait laboratories, comparisons made between the subject’s joint motion
data and normative joint motion data are used to evaluate how the subject’s gait deviates
firom normal^^. In addition, comparisons are made between the pre-operative and post
operative joint motion data of children with CP, for example, to evaluate treatment
outcomes^^^*^^. Joint motion data also contribute to clinical decisions regarding
treatment, appropriate assistive device, need for orthotics, or the proper fit of prosthetics.
Dynamic EMG analysis identifies the timing and magnitude of muscle activity
patterns during specific gait cycle subphases^’^^. Surface electrodes or indwelling fine
wire electrodes can be used to detect the electrical signals associated with muscle
activity**^®. Comparisons are made between the subject’s EMG data and normative gait
EMG data. Dynamic EMG data that are correlated to abnormal joint angles or
movements may give more specific information that can provide indications for treatment
3537.38 Pqj example, EMG analysis of the rectus femoris may identify prolonged activity
following preswing into initial swing subphases in a child with spastic cerebral palsy
(CP). This finding is significant because the rectus femoris may then be identified as the
culprit for the child’s inability to initiate knee flexion for swing phase. In normal gait,
the rectus femoris may be activated during preswing, initial swing followed by
subsequent inactivity of the muscle throi%h mid and terminal swing. A surgical
procedure, such as a rectus femoris tendon transfer, can then be made to augment knee
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flexion and preserve hip flexion during the swing phase^^. This example demonstrates
the advantage of obtaining dynamic muscle activation information that occurs during
ambulation as opposed to a clinical assessment of muscle activation that occurs during
passive muscle stretch tests^^.
Force plates are traditionally used in gait laboratories to obtain kinetic
measurements of gait. These kinetic measurements include vertical, anterior/posterior
and medial/lateral ground reaction forces (GRP) and moments generated at the foot/floor
interface through the weight-bearing limb. The GRP measurements are used in
conjimction with joint data kinematics to calculate the torque demand (moments), forces
and power imposed on individual joints^ Other instruments currently used to measure
pressures beneath the weight-bearing foot during ambulation include direct pressure
mapping systems, pedobaraographs, load-cell systems and in-shoe devices^’^’*^.
T-D measurements are collected in both gait laboratory and clinical settings with
the purpose of quantifying the patient’s functional ambulatory status^’'^’'^^ For example,
measurement of an individual’s gait velocity may indicate whether or not their
ambulatory speed is sufBcient to cross a street in the time allotted by the streetlights.
Specifically, T-D measures are currently used to document the patient’s progress
following treatment and to assess surgical and rehabilitation treatment outcomes*^. T-D
measurements include gait velocity, cadence, stride length, step length, amount of time
spent in one gait cycle, stance and swing phases, double limb support (DLS) and single
limb support (SLS). These are measures of ambulatory capacity as they “reflect the net
result of all dynamic activity occurring during locomotion^^.” T-D measures may be
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compared with the respective measures of normal individuals of the same age and
gender and between pre- and post-treatment implementation for the purposes mentioned
above. Sophisticated equipment currently utilized in gait analysis laboratories to collect
T-D measurements include footswitch and foot pressure systems^’^^. In addition to the
above-mentioned T-D gait parameters, footswitches allow measurement of foot-floor
contact sequence pattems^’^^. Instruments currently utilized in the clinic to obtain T-D
data vary, but typically include a stopwatch, a dimensioned walkway and ink footprint
method‘*'“ *^.
Energy expenditure measures are used to determine the relative energy cost that
occurs during ambulation'*^. One way this measure is determined is by analysis of heart
rate and oxygen consumption. A gait pattem lacking one or more of the five
prerequisites, as often seen in children with CP, will likely have greater physiologic
energy demands than the normal gait pattem. Therefore, the quantitative measurements
obtained from metabolic energy expenditure analysis provide information regarding
energy expended secondary to pathologic gait*. Energy expenditure analyses have
provided information to the treating ther^ists as well as the parents of children with CP
to set realistic ambulation goals for the child and to measure treatment outcomes^^.
The clinical advantage of quantitative gait analysis over observational gait
analysis is that it provides an objective and comprehensive assessment of gait pathology,
and defines how a patient’s gait deviates firom normal. Computerized 3-D gait analysis
provides detailed information regarding joint motion and velocity, as well as
complimentary data on the forces and EMG patterns that accompany a particular gait

19
pattem. Specifically for children with CP, this detailed informatioa provides
distinctions between the primary and secondary im p a irm en ts of the child’s posture and/or
gait. Computerized 3-D gait analysis has also significantly improved surgical decision
making and has increased the chances of success with the surgical intervention for
children with

Etnyre et al^* identified the following advantages of computerized

3-D gait analysis in surgical planning in children with CP:
1) problems at multiple levels of involvement are more readily identifiable; 2)
primary pathologic motions can be distinguished finm compensatory motions so that
operating inappropriately on compensatory movements is avoidôi, 3) interaction
among different areas of involvement are observed, and 4) <fynamlc movement
patterns can be identified that are not evident firom passive movement pattem
examination.

The clinical relevance of computerized 3-D gait analysis to the physical therapy
profession is that this methodology of gait analysis may be used to analyze complex gait
patterns in neurologic patients. Measurements that can’t be obtained observationally can
then be obtained with this gait analysis methodology to determine the patient's primary
deficits.
Conversely, the disadvantages of computerized 3-D gait analysis are: 1) it
requires costly instrumentation and data analysis, 2) requires a high level of expertise,
and is staff and time intensive, 3) is not available in most clinics, and 4) provides more
infi)rmation than needed to assess treatment outcomes^ \ Additionally, family members
and some physicians have subjectively reported functional improvements in children
post-operatively even when computerized 3-D gait analysis has indicated either an
increase in the amount or degree of gait pattem deviation, or no change in the gait
pattem^^. Despite these disadvantages, quantitative gait analysis has played a significant
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role in increasing the effectiveness of the evaluation and rehabilitation of children with
CP, and individuals with an amputation or a stroke^^"^^'^^ '*^'^.
Computerized 3-D gait analysis is regarded as the gold standard for our study for
two reasons. First, computerized 3-D gait analysis is reported to be a reliable and valid
methodology for collection of kinematic, kinetic and EMG events occurring during
ambulation in children with CP^. Second, the instruments utilized in computerized 3-D
gait analysis are designed to record multiple events simultaneously that the human eye is
not able to observe or estimate. For example, computerized 3-D gait analysis systems are
able to simultaneously obtain measurements of the actual forces, joint angles, and muscle
activities occurring at the ankle, knee, hip, and pelvis throughout the gait cycle.
Therefore, in this study, computerized 3-D gait analysis was used as the criterion
measure, and was compared to a more common clinical qualitative gait analysis method.
Validitv and Reliability of Computerized 3-D Gait A n alv sis
The computerized 3-D gait analysis system that CHKS utilized to collect the
subject data that was examined in this current study is the Elite Motion Measurement
System (Elite)* developed by Bioengineering Technology Systems (BTS). Ehara and
colleagues ^ examined the validity of Elite by comparison between “true” measures
obtained from a slide caliper and the Elite measures obtained with computerized 3-D gait
analysis. The data obtained were measurements of the distance between two markers
fixed to a ‘*rigid bar”. One subject was selected to participate in the study to ambulate on
a designated walkway three times while holding a 1-m-long bar with a marker attached to
each end. During each gait trial, the subject held the bar in a different position, vertical.
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horizontal-sagittal, and horizontal-coronal, so that “measurement accuracy” for each
position could be determined. The designated walkway had specified positions where the
subject was to step sequentially during the gait trial to ensure consistency between gait
trials. The exact distance between the markers was determined with a slide caliper prior
to the gait trials and was later used as a comparison for the measurements obtained with
Elite. The mean value of absolute error was calculated for Elite. Ehara et al defined the
mean value of absolute error as the “maximum value of (mean value of absolute errors in
distance between the markers) fi^om all trials^.” The mean value of absolute error for
Elite’s measured distances was determined to be within 0.53mm of marker position^.
Ehara’s study is limited in that its methodology is unclear regarding the position that the
bar was held during ambulation. The methodology seems to imply that the subject
moved the rod during ambulation.
Studies examining the reliability of Elite were not found in the literature. For this
reason, the studies performed by Kadaba^ et al and Miller'*^ et al, which examined the
reliability of other computerized 3-D gait analysis systems will be discussed. Kadaba et
al^ examined the repeatability o f kinematic, kinetic, and EMG data measurements that
were obtained utilizing computerized 3-D gait analysis. Gait analysis was performed on
40 normal subjects on 3 separate test days, 3 times a day, at least one week apart. The
VICON motion analysis system^ was utilized to collect the kinematic data in the sagittal,
firontal, and transverse planes occurring at the ankle, knee, hip and pelvis. Kinematic data
were expressed in graphical waveforms and intra- and inter-test day comparisons were

' Elite, BTS, Milano Italy
^ VICON, Oxford Metrics Ltd., Oxford, England
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made utilizing a statistical measure called the adjusted coefficient of multiple
determination (R^). Sagittal plane joint motion occurring in the ankle, knee, and hip was
found to have excellent intra-test and inter-test day repeatability. The pelvic tilt patterns
were found to have the least repeatability. Frontal and transverse plane joint motions
occurring at the ankle, knee, hip and pelvis were found to have lower repeatability than
the sagittal plane joint motion. Intra-test day measures of all the joint motion were found
to have greater repeatability than inter-test day measures. An inherent weakness of inter
day measures was the difficulty with consistent marker placement. BCadaba and
associates accounted for inconsistent marker placement by eliminating inter-day
comparisons between the mean values o f joint angle waveforms, which consequently
resulted in higher scores for repeatability.
Miller’s study focused on the intra- and inter-test day repeatability of ankle, knee,
and hip kinematic data in children with CP as compared to age matched subjects with
normal gait, utilizing computerized 3-D gait analysis to obtain the kinematic
measurements'*^. Five children with CP and five normal age matched children served as
subjects for this study. Sagittal, frontal, and transverse plane joint motion data at the
ankle, knee, and hip were obtained on five separate test days, three times a day. Intra-test
and inter-test day comparisons were made for both the CP and normal subjects’ gait
utilizing the intraclass correlation coefficient (ICC). Both CP and normal gait showed
high intra- and inter-test day repeatability for each joint; however, the repeatability of
kinematic gait measures was higher in children with CP (ICC = .914, ) than in children
with normal gait (ICC= .856)^^. Children with CP also demonstrated greater inter-test
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day consistency of each joint than their counteipaits (ICC of CP gait = .854; of normal
gait = .687)'*^. Similar to Kadaba’s findings, intra-test day repeatability was found to be
higher than inter-test day repeatability^^.
Based on Kadaba’s and Miller’s studies, computerized 3-D gait analysis
measurements of the ankle, knee, and hip in the sagittal plane are highly repeatable.
Intra-test day measures were found to have greater repeatability than inter-test day
measures. Also, according to Miller’s study, the gait of children with CP had higher
repeatability than children with normal gait
Q ualitative G ait Analysis

Current methods for qualitative evaluation of gait in clinical settings include the
use of various observational gait analysis systems (OGA), however, no specific
standardized system is in universal use*^’^®’^ . OGA is an approach where the clinician
performs a visual assessment of an individual’s gait pattern, and relies upon training,
clinical experience, and clinical judgment to identify gait deviations and to grade the
degree of deviation appropriately*^’'*®.
Gait kinematics, including joint angles, time-distance (T-D) parameters, and
fimctional activities involving ambulation are evaluated with OGA techniques*^’*®. In
this section, only evaluation ofjoint motion and fimctional ambulatory activities will be
discussed. Clinicians use OGA to analyze primary and secondary gait impairments and
potential contributing factors to gait disability, and then use this information to guide
treatment decisions'*’*®. Patla et al found that the majority of clinicians primarily use
OGA as a functional assessment and secondarily as a screening procedure'*^. The end
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goal o f OGA is effective tieatinent planning and implementation. Effective treatment
relies upon the correct identification of the primary gait problems and their causes, and
implementation of appropriate treatment focusing on these gait problems and their
underlying causes'*.
OGA can be done with or without the use o f technical aides^. It can be as simple
as the clinician evaluating a patient’s gait fiom different planes (fiontal and sagittal) as
the patient walks a determined distance, or as complex as videotaped analysis of marked
joint centers. The instruments of OGA may include a form or a checklist of possible
deviations to guide the evaluator and provide a systematic method for observation*^’^®’'**,
Brunstrom advocated the use of a checklist that included possible stance and swing phase
deviations at the ankle, knee, and hip for OGA of hemiplegic gaitf®. The clinician may
also use a camcorder to record a patient’s gait for further analysis or for sequential
documentation of a patient’s gait pattem changes with treatment
Patla et al. reported that therapists generally use an individualized approach to
OGA in the clinic'**. The majority of clinicians, within their individualized approach,
most often evaluate the movement of numerous joints and limb segments in a systematic
fashion, avoiding analysis of only the pathologic joint'**. Clinicians do agree, however,
that there needs to be a better method of OGA than an individualistic approach*^"^®’^.
Harris et al suggested that a systematic gait evaluation, which focuses on one joint at a
time, and uses an OGA form, would help to ensure a consistent s^proach to visual gait
analysis®.
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One form of analysis of ambulatory function in the clinical setting is the
utilization of ambulation profiles. Several ambulation profiles have been developed
specific to patient populations, such as persons with cerebral palsy, amputations, multiple
sclerosis, as well as other mild to severe neurological conditions'^'^. Ambulatory skills
that are evaluated, as well as the instruments necessary to measure the skills, vary with
the ambulation profile design. For example, Reimers developed an ambulation profile to
assess surgical outcomes in children with CP. Reimer’s ambulatory profile was designed
to measure the child’s performance during sitting, standing, walking and stair-climbing
activities'^.
Several gait analysis systems have been developed for specific patient
populations, such as individuals with rheumatoid arthritis^", hemiplegia^', lower limb
amputations'^ or CP'^. Each system was designed to address gait deviations common to
that diagnosis with the purpose of designing effective treatment, monitoring changes in
gait, and assessing treatment outcomes. For example, one OGA form developed for
observation of children with CP'^ includes evaluation of the following specific gait
deviations; 1) lumbar lordosis, 2) abnormal knee motion, 3) abnormal foot contact, 4)
Trendelenburg gait, and 5) alternate limb motion during gait These listed deviations are
representative of possible gait deviations in children with CP; however, they do not
include all the possible deviations common to CP. Furthermore, the OGA systems
specific to diagnoses are limited in that they are not comprehensive enough to be
applicable to more than one patient diagnosis'^.
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There is a systematic OGA methodology that has been designed to guide the
evaluation of pathologic gait in a wide range of patient diagnoses including, but not
limited to, cerebral palsy, amputation, hemiplegia, spinal cord injury, traumatic brain
injury, peripheral nerve injury, and post-polio". This system is called the Rancho
Observational Gait Analysis System (Rancho OGA). This system has been developed
over the past 20 years by the Professional Staff Association firom the Physical Therapy
Department and the Pathokinesiology Service at Rancho Los Amigos Medical Center in
California under the direction of Dr. Jacquelin Perry. Rancho OGA is widely recognized
by clinicians nation-wide and is also taught to entry-level physical therapy students*"*’*^’".
Currently, Rancho OGA is used by clinicians, including physical therapists and
orthopedic residents, at the Pathokinesiology Laboratory of Rancho Los Amigos Medical
Center to assess the gait of children with CP and to formulate appropriate therapeutic
plans that addresses their gait dysfimction*'*’'*’. The physical therapy staff of the New
York University Medical Center (NYUMC) utilize Rancho OGA in conjunction with an
extensive clinical exam and several functional assessments to evaluate the gait of children
with spastic CP both pre- and post-rhizotomy surgery. In addition, NYUMC uses
Rancho OGA to assist in decision making regarding selection of candidates for rhizotomy
and selection of treatment interventions for these children^^.
Rancho OGA is described in detail in the Observational Gait Analysis
Handbook'*. Rancho’s Gait Analysis Full Body Form (Appendix A) is the only
instrument utilized in Rancho OGA. This form was designed to guide the observer
systematically through the evaluation of the three functional phases of gait: weight
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acceptance, single limb support, and swing limb advancement During these functional
phases, the individual’s weight is accepted through the outstretched lower limb, which
subsequently supports the entire body weight as the body progresses over the limb. The
body weight is then transferred to the contralateral outstretched limb permitting swing
limb advancement of the non-weightbearing limb. The eight gait cycle subphases are
listed in sequence beneath the appropriate functional phases of gait; initial contact (IC),
loading response (LR), midstance (MSt), terminal stance (TSt), preswing (PSw), initial
swing (ISw), midswing (MSw), and terminal swing (TSw) (See operational definitions
for definition of terms). Six segments of the body are systematically evaluated for
dysfunction progressing fiom the ankle and toes to the knee, hip, pelvis and trunk. Onehundred and sixty-five possible gait deviations are listed on the form under the gait cycle
subphases where the deviations are most likely to occur. The white and gray boxes on
the form indicate where major or mino r deviations are expected to occur. The black
boxes indicate where deviations are not applicable. The form uses a nominal data scale,
which identifies deviations as either present or absent. The reader is referred to
procedures in chapter three for a description of Rancho OGA methodology utilizing this
form.
The findings obtained for each phase of gait fiom the Rancho OGA procedures
are summarized and interpreted as total limb function. A problem solving approach is
then applied to determine the major problems and the most likely causes of these
problems. Perry and Gronley*^ stated that “by phasically relating the events at one joint
to those occurring in adjacent segments, the observer can differentiate primary gait

28

deficits fix)m compensatory actions. M echanism s that obstruct standing stability,
inhibit progression, or increase energy cost are identified, and therapeutic plans are
formulated.” Whittle stated that clinical problems can be adequately addressed with the
utilization of simpler methods o f gait analysis, such as OGA as opposed to computerized
3-D gait analysis^. Treatment is effective when the OGA system utilized addresses the
primary gait deviations and their causes'*’^®.
Utilization of Rancho OGA requires the evaluator to know the normative joint
ROM occurring at the ankle, knee, hip, pelvis, and trunk throughout the subphases of the
gait cycle in order to perform an adequate gait analysis'^. As a reference for normal gait,
the Pathokinesiology Laboratory o f Rancho Los Amigos Medical Center has established
its own normative database using computerized gait analysis of the following variables;
joint range of motion (ROM), torque demand, and timing and intensity of muscle action.
This normative database is described extensively in the Observational Gait Analysis
Handbook^.
Perry and Winter both stated that the practicing clinician’s trained eye is the most
convenient instrument for OGA, permitting assessment of gait at any time and in any
enviromnent*^’^^. Furthermore, OGA in general, is much less expensive and takes less
time to implement than computerized 3-D gait analysis^. Winter reports that the majority
of clinical gait assessments are on a very limited budget and are typically performed
utilizing OGA^®.
It is advant%eous to use a video camcorder with OGA because taping provides a
permanent gait record and reduces the number of walking trials that a patient needs to
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complete. Additionally, it is easier to capture the details of the gait with slow-motion
and heeze-firame options^’*^. However, use of videotapes for OGA may lead to
inaccurate joint angle assessments because the limb may not be viewed firom the correct
angle and distortions may be introduced by the camera, VCR or television display^.
The data obtained firom OGA cannot replace detailed data obtained from
computerized 3-D gait analysis. The human eye is incapable o f calculating the forces and
recording muscle activity that occur at each joint during ambulation. Experienced
clinicians can, however, observe movement and estimate joint angles within 5° of the
actual angle values^’^. Gage reports that the human eye is unable to detect events
occurring faster than 1/12 of a second (83 msec)^^. In other words, it is impossible when
utilizing OGA to accurately observe multiple events and body segments at the same
time^. Another limitation of OGA is that it is a subjective evaluation of gait and depends
entirely on the skill of the individual observer^'". OGA is a skill that requires time,
practice, and clinical experience to develop. Use of this method also requires in-depth
understanding of normal walking fimction so that pathologic gait may be identified as a
deviation from normal gait‘s.
Reliabilitv and Validitv of OGA
There is limited research examining the reliability and validity of OGA with
findings revealing that OGA at best has only moderate reliabifity^^'^^''^''^'^^'^^'^^'^'^^'^^.
No conclusive statements have been made fix>m previous studies regarding the reliability
and/or validity of OGA at the ankle, knee or hip. Three studies have shown observations
of stance phase motions to be more reliable or valid than observations of swing phase
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motions^®’^ ’^'*. Results of three studies have also shown the reliability and/or validity
of OGA to be more reliable in the sagittal plane than in the hontal or coronal
planes'® -:® ':'.

Only two studies specifically examined the validity and/or reliability of Rancho
OGA.'^-::. Seymour et al'® examined the inter-rater reliability o f two master clinicians
utilizing Rancho OGA. Seymour and colleagues also examined the number of gait
deviations that were identified at specified body segments by 49 entry-level physical
therapist students and two master clinicians utilizing Rancho OGA. Two master
clinicians and 49 entry-level physical therapist students served as raters for Seymour’s
study. The reliability of the entry-level physical therapist students was not examined.
Two volunteers, one with multiple sclerosis (MS) and the other with no known gait
deviations, served as subjects. The raters completed a full body OGA on each subject in
real-time analyzing joint motions that occurred in the sagittal, firontal, and transverse
planes at the trunk, pelvis, hip, knee, ankle, and toes. The raters documented the
presence or absence of all 165 gait deviations that were listed on the Rancho Gait
Analysis Full Body Form (Appendix A). All 51 raters observed each subject at the same
time. It is not documented as to whether or not the raters were blind to the subjects’
diagnoses.
The intraclass correlation coefficient (ICC) was used to determine the amount of
agreement between the two master clinicians. The overall ICC results for the master
clinicians showed strong agreement (ICC=.86) for identifying gait deviations for the
subject with MS, but poor inter-rater reliability (ICC=.06) when scoring the normal

31

subject’s gait pattem^^. Seymour et al categorized and discussed the rem aining results
of their study according to the Allowing Rancho OGA functional task phases: weight
acceptance, single limb support, and swing limb advancement (See operational
definitions). The ICC results demonstrated strong agreement at the trunk for all three
functional phases; moderate agreement at the pelvis for weight acceptance and single
limb support, weak agreement at the pelvis for swing limb advancement; and weak
agreement at hip, knee, ankle, and toes for all three functional phases.
The researchers of Seymour’s study postulated that because the gait deviations of
a neurologic patient were more distinguishable than those of the normal gait pattern, the
master clinicians more consistently identified the gait deviations of the subject with MS
as opposed to the subject with normal gait^^. Consequently, the raters demonstrated
higher inter-rater reliability with scoring the gait of the subject with MS as compared to
the subject with normal gait.
Chi-square analysis was used to calculate the total number of gait deviations that
were scored by the students and master clinicians for each body segment throughout each
of the three functional phases and to compare the students’ scores with the master
clinicians’ scores. For example, if both the students and the master clinicians identified
three gait deviations in the trunk for weight acceptance, it was concluded with chi-square
analysis that both the students and clinicians identified a total of three gait deviations in
the trunk that occurred during weight acceptance. However, a limitation to this type of
information obtained fix)m chi-square is that it did not specify which gait deviations were
identified by the raters nor the subphase during which it occurred. Therefore, the results
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obtained fix>m the chi-square analysis will not be discussed.
Greenberg and colleagues examined the concurrent validity of Rancho OGA in
normal and neurologic subjects by comparing observed Joint motion with 3-D
quantitative gait analysis measures from Vicon and foot switch data^. Six raters, all of
whom were gait instructors experienced in OGA, evaluated the gait of 25 subjects
completing a fuU body OGA form on each subject. Nine subjects had normal gait and the
remaining 16 subjects had pathologic gait, which included diagnoses of hemiplegia, SCI,
TBI, peripheral nerve injury, and post-polio. The subjects traversed a walkway as many
times as was needed for the raters to complete the OGA form. Following the OGA
procedures, the subject’s gait was analyzed utilizing computerized 3-D gait analysis. The
kappa statistic (k ) was utilized to determine the percent agreement between the raters’
OGA data and Vicon and footswitch data for 13 sagittal plane ankle, knee, and hip
variables. Only five of the 13 sagittal plane variables examined were discussed in the
published abstract. The five variables included heel off during TSt, knee flexion during
PSw, ISw, and TSw, and hip flexion during ISw. Based on the kappa statistic, no greater
than chance agreement was found for knee flexion during PSw and TSw, and hip flexion
during ISw. Moderate to substantial agreement was found for heel off during TSt (k
range .44 to .68, p<.05), and substantial agreement for knee flexion during ISw (k range
.70 to .78, p<.05)^. The overall concurrent validity of OGA in Greenberg’s study, based
on the kappa statistic agreement coefficients, was fair to moderate. The authors
concluded firom their analysis of unanimous rater disagreements with Vicon that
although the raters were blind to the subject’s diagnoses, the raters must have determined
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whether the subjects were normal or not and thus became biased in their OGA
procedures of that subject Consequently, the raters did not identify the deviations that
were present in the normal subject’s gait which were identified by computerized 3-D gait
analysis. Conversely, the raters identified deviations that were present in pathological
subject's gait that were not identified by computerized 3-D gait analysis. The authors
concluded that this possible rater bias may be the cause of the resultant overall fair to
moderate concurrent validity o f Rancho OGA.
Methodological controls in Greenberg’s study included: 1) AH 6 raters were gait
instructors experienced in the OGA system utilized in the study; 2) the raters were blind
to the diagnoses of the subjects, including the normal subjects, to control for rater bias;
and 3) the subject sample included a wide variety of neurological diagnoses.
A significant limitation in methodology of Greenberg’s study was that the data
collection for Rancho OGA and Vicon did not occur simultaneously as would be
expected in the examination of concurrent validity. Therefisre, the raters did not analyze
the same gait trials that were analyzed in the computerized 3-D gait analysis procedures.
Furthermore, VICON and foot switch data were obtained after the OGA procedures.
This sequence of gait analyses may have led to some of the inconsistencies found
between the rater’s observations and the VICON and foot switch data since the subjects’
gait pattem may have varied due to fatigue.
Another significant limitation of Greenberg’s study is that it is printed in abstract
form as opposed to a published journal document Details of the study are limited.
Therefore, the study cannot be adequately scrutinized, nor can sufficient conclusions be
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drawn from the documented results.
This completed study attempted to improve upon Greenberg’s study by exam ining
26 ankle, knee, and hip sagittal plane variables (See table 3.1); four of the selected
variables were analyzed in Greenberg’s study. Greenberg’s study examined 13 ankle,
knee, and hip sagittal plane variables, and only frve o f the 13 variables examined were
identified in the published abstract This study provides a more comprehensive analysis
of the concurrent validity of Rancho OGA.
The ankle, knee, and hip joint motions were scored as normal, excessive or
inadequate during the OGA procedures. Greenberg and associates did not define the
scale used for the interpretation of the Vicon joint motion data in the published abstract.
Utilizing a scale of normal, excessive, and inadequate joint motion increases the
subjective nature of the interpreted data. This scoring system creates a greater window
for discrepancy between the rater’s observations and Vicon data. The scale used in this
completed study was nominal, where the deviation is scored as either present or absent, to
lessen the degree of subjectivity for the data interpreted.
The two studies cited are insufBcient evidence upon which to base the validity
and reliability of Rancho OGA. Further research on Rancho OGA needs to be conducted
so that Rancho OGA can be used with confidence when evaluating gait, making
treatment decisions and assessing treatment outcomes.

CHAPTER THREE
METHODOLOGY
Design
This study involved the examination of the intra-rater and inter-rater reliability
and the concurrent validity of the Rancho Los Amigos Observational Gait Analysis
system (Rancho OGA) in children with spastic cerebral palsy (CP) utilizing a
retrospective correlational design. Fortney and Watkins define concurrent validity as the
degree to which the outcomes of one test correlate with the outcomes of a criterion test,
when both tests are given at relatively the same time^. In this study, computerized threedimensional (3-D) gait analysis was the criterion measure.
Comparisons were made between Rancho OGA based on observations of
videotaped gait records and computerized 3-D gait analysis of sagittal plane ankle, knee,
and hip joint motion data to determine if the findings obtained from Rancho OGA were
consistent with data obtained from computerized 3-D gait analysis. Videotaped gait
records and computerized 3-D gait analysis measurements were obtained simultaneously
at Mary Free Bed/Grand Valley State University Center for Human Kinetic Studies
(CHKS). This was a retrospective study because the researchers examined subject data
that had already been collected.
Subjects
A convenience sample of 31 gait files of children with spastic CP were selected
from the CHKS database. However, the sample size for this study was based on the
number of lower extremities analyzed for these children. Both lower extremities of some
35
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of the subjects were analyzed, while the rem aining had only one lower extremity
analyzed. Therefore, as described in chapter four, the sample size for the master clinician
was n = 25 lower extremities for both the reliabili^ and validity portions o f the study,
and the sample size for the two student raters was n = 51 for the reliability portion and n
= 49 for the validity portion of the study. The CHKS database consists of children aged 4
to 16 years with spastic hemiplegia, diplegia, or quadriplegia types of CP. The children
participated in the computerized 3-D gait analysis per physician referral for gait
assessment, surgical recommendations or for surgical outcome measures. The subjects
were included in the study if they were ambulatory with or without an assistive device or
with hand-held support up to distances of 6 meters. Gait data from barefoot trials only
were examined. If a file containing both pre-operative and post-operative data were
chosen for the study, only the pre-operative data were examined. Subjects were not
excluded based on their surgical or medical history. Researchers documented
demographic data on subject characteristics (See Chart Review Form Appendix E) for a
description of the sample cohort
The gait files from CHKS contain kinematic, kinetic, and EMC summary data for
each subject. Only the kinematic data were used for analysis in this study. The
kinematic summary data include two sets of data for each subject. The first set is
graphical representations (Appendix F) of ankle, knee, and hip joint motion throughout
the gait cycle obtained through computerized 3-D gait analysis. The second data set is
videotaped sagittal and frontal plane records of the subject’s gait trials. Both sets of data
were obtained concurrently and both were examined in this study.
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CHKS previously obtained informed consent (Appendix G) fiom each subject
prior to the 3-D computerized gait analysis procedures for permission to exam ine
videotaped data for research purposes. Subject identification numbers were assigned to
each subject to maintain patient confidentiality and to control for rater bias. The student
physical therapist raters analyzed both the subjects’ videotaped gait records and the 3-D
computerized joint motion graphs. Use of subject identification numbers m inim ized the
chance that the raters would remember the subjects’ gait pattern during the gr^hical
analysis of subject records.
Instrumentation
Three-dimensional position data were obtained at CHKS using the Elite Motion
Measurement System* developed by Bioengineering Technology Systems (BTS). A
layout o f CHKS laboratory is located in Appendix H. Four Elite, CCD high speed, solid
state pixel perfect cameras* were placed at the four comers of the calibrated testing
volume. The cameras digitally collected marker position data at a mechanical shutter
speed o f 100 Hz firom the pelvis, thigh, shank and foot during walking. The markers
were spherical wooden balls overlaid with 3M scotchlite Brand High Grain 7610
retroreflective tape^. Accuracy of Elite camera systems is reported to be within .53 mm
of marker position^. Reliability of Elite Camera Systems within CHKS has not yet been
established. However, the laboratory has demonstrated good intra-subject repeatability in
regards to kinetic and kinematic data both within and between test days. The results of a
study done by Kadaba et el‘ suggest that when intra-subject repeatability within and
‘ Elite, BTS, Milano, Italy
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between test days is good (on a scale o f poor, good, and excellent), a single computerized
3-D gait analysis is sufficient upon which to base significant clinical decisions. In
addition, gait laboratories around the country have reported good repeatability in children
with
Two AMTI force plates^ were used to identify the beginning and end of each
subject's gait cycle. The gait cycle was designated to begin with initial contact on the
first force plate and end with ipsilateral foot contact on the second force plate. Kinematic
and kinetic data were collected during the gait cycle when initial contact occurred on the
first force plate and ipsilateral contact occurred on the second force plate. The kinematic
and kinetic data collected during this aforementioned gait cycle were used to represent
the subject’s gait pattern, which was called the representative gait cycle.
Video images of each subject's gait were obtained concurrently with 3-D data
utilizing two Panasonic X-20 Digital Zoom Super VHS camcorders'*. The camcorders
were placed in standardized positions outside the testing volume to capture video images
of the patient in the fiontal and sagittal planes simultaneously. A twenty-three inch Sony
Trinitron television and a Super VHS Panasonic PV-S4380 VCR'* was used to view the
video images, allowing slow motion analysis. Three raters using Rancho OGA analyzed
lower limb motion from these images. The raters recorded their observations on
Rancho’s Gait Analysis Full Body Form (Appendix A).

^ 3M Health Care, Medical Supply division, S t Paul, MN
^ AMTI, AdvancW Medical Technologies inc., Newton, MA
* Panasonic Co., Matushshita Electrical Corp., Secaucus, NJ
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BTS software was used to digitize, track and filter marker position data.
Embedded local coordinate systems and three-dimensional joint angles for the ankle,
knee, hip, and pelvis were determined using custom software. Joint angles were
expressed graphically in terms of degrees and normalized to the gait cycle (Appendix F).
Procedure
The procedures for this study focused on two types of data analysis: analysis of
videot^>ed gait records and analysis of joint motion graphs. Three raters, one master
clinician and two student physical ther^ists (SPT) analyzed the subjects’ videotaped gait
records. The SPTs analyzed the computerized 3-D joint motion graphs. The master
clinician was a physical ther^ist (PT) who had approximately 36 years experience with
OGA of pediatric neurological gait The decision to select a PT experienced with OGA
o f neurologic gait was to improve the control of intra-rater and inter-rater reliability
utilizing Rancho OGA. The researchers had thought that raters with OGA experience in
neurologic gait would be more likely to consistently identify gait deviations that are
present in children with spastic CP as opposed to raters without experience in neurologic
gait evaluation. The two SPTs, who were also the researchers of this study, were entrylevel SPTs and had received instruction in Rancho OGA in their graduate physical
therapy curricula. The students augmented this instruction in Rancho OGA with
extensive self-study as described below.
Rater Training
Prior to the pilot study, information regarding Rancho OGA and the study’s
procedures were sent to the master clinician. All raters received instruction and practice
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in Rancho OGA utilizing the Rancho OGA Handbook and a videot^)e analysis of normal
and pathologic pediatric gait. Instruction in Rancho OGA included: 1) fam iliarization
with the Gait Analysis Full Body Form including: operationally defining the subphases of
the gait cycle and the gait variables exam ined in this study and explaining the procedures
for gait deviation documentation on the form; 2) review and study of normal limb motion
within each subphase; 3) explanation of the procedures for systematic observation of the
ankle, knee, and hip; 4) practice of video-based OGA which included studying normal
limb motion and practicing the analysis of pathologic gait
Prior to commencement of the study, each rater completed an examination
provided by the physical therapy staff of the Pathokinesiology Laboratory of Rancho Los
Amigos Medical Center (RLAMC). The purpose of the training and the examination was
to ensure that the raters had an adequate u n d erstan d in g of Rancho OGA and had the
ability to accurately perform Rancho OGA prior to the study. The examination was
included in the study to enhance intra-rater and inter-rater reliability. The examination
that was provided by RLAMC required each rater to perform a video-based. Rancho
OGA of a middle-aged female diagnosed with right-sided hemiplegia secondary to a
stroke with 100% accuracy. Though RLAMC set a standard for each rater to achieve
100% on the examination, the researchers of this study set 85% as an acceptable level of
competency with the utilization of Rancho OGA. However, both levels of achievement
for the examination set by Rancho and the researchers were not realistic expectations as
the raters were trained with different procedures for the study than what was required for
the examination. The raters were trained to perform slow motion analysis of joint motion
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rather than analysis at normal speed. Also, the raters’ tra in in g included practicing
videotaped analysis of pathologic gait of children with spastic CP while the examination
required the raters to analyze the gait of an adult whose gait pattern was pathologic
secondary to a stroke. Finally, the raters were trained to analyze only one gait cycle and
to identify a gait deviation as present if at any time it occurred during the gait cycle.
Whereas, during the examination, the raters were required to analyze numerous gait
cycles in sequence and to identify a gait deviation as present only if it consistently
occurred throughout each gait cycle. The researchers were not aware that there would be
so many differences between their training specific to the study and the exam ination
provided by Rancho. However, following the examination procedures, each rater stated
that taking the examination sharpened their OGA skills.
The answer key for the exam ination was based on the observations and the
professional judgment of the RLAMC Rancho OGA gait instructors. Per RLAMC
instructions, the videotaped gait record, which consisted o f numerous gait trials, was
observed at normal speed for the duration of the recording (approximately S minutes).
The raters focused on the 26 gait variables (See Table 3.1) examined in this study and
documented observed gait deviations on a Rancho Gait Analysis Full Body form. Each
rater completed the examination a total of three times and each time all raters failed to
score at or above 85%. CHKS staff corrected the tests and informed the raters of the
scores they received as well as informed them of areas of discrepancy in gait analysis
from RLAMC ratings following each testing. After each testing, each rater completed
training in Rancho OGA as described above and the test was retaken. The master
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clinician (rater 1) received an 81% on the final exam. One SPT (rater 2) received 81% on
the final exam, and the other SPT (rater 3) received 77%. Though none of the raters
achieved the pre-determined level of 85%, the researchers decided to continue with the
study.
Subject Selection
Due to the limited number of subject files available at CHKS, a convenience
sample of 31 subjects was selected. The researchers selected the subject files and
reviewed them to determine suitability for this study. A file was deemed suitable if the
subject met the study’s inclusion criteria (See Subjects pg. 36) and if the subject’s
videotaped representative gait trial was “fully” visible on the television screen throughout
the entire trial. A gait trial was defined as the distance traversed by the subject firom one
end of the gait test walkway to the other (approximately 6 meters). A gait trial included
several complete gait cycles. A gait cycle is the sequence of events occurring firom heel
strike to ipsilateral heel strike'"'*. The gait trial chosen to represent each subject’s gait
pattern was defined as the “representative gait trial”. The subject’s gait pattern was
represented through kinematic graphs (Appendix F) of one gait cycle within the gait trial.
The kinematic graphs were generated through computerized 3-D gait analysis procedures.
The gait cycle during which kinematic data were recorded was called the representative
gait cycle.
To control for rater bias, the student researchers did not analyze the gait files they
selected. Instead, they analyzed the files that the other researcher had selected. This
control was applied because when reviewing the files for subject selection, the
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researchers became more acquainted with the subjects than if they would not have
reviewed their files. The researchers were concerned that if they analyzed the
computerized 3-D gait analysis graphs o f the subject files that they selected, they may
somehow remember the subject and thus be bias in their analysis of the joint motion
graphs.
Video-based Rancho OGA Procedures
Rancho OGA procedures were as follows for the analysis of the videotaped gait
records. The raters observed three to four gait trials in sequence to gain an overall
impression of the subject’s gait pattern. One of the gait trials observed was required to be
the representative gait trial. The raters then observed the joint motion that occurred at the
ankle, knee and hip throughout the subphases of the representative gait cycle. These
observations occurred two to four times per joint with the videotz^ in slow motion
analysis, beginning with the ankle and progressing to the hip. Twenty-six sagittal plane
gait deviations of the ankle, knee, and hip as defined by Rancho OGA, were taken firom
Rancho’s Gait Analysis Full Body Form (Appendix A) and were analyzed in this study.
These deviations are summarized in Table 3.1. Immediately following the observations
of each joint, the raters recorded the presence or absence of these gait deviations on the
Rancho Gait Analysis Full Body Form. Prior to each session o f OGA, each rater
participated in a video-based review of normal joint motion at the ankle, knee and hip.
Selection o f Gait Variables
The following is a discussion of the rationale for the selection of the 26 sagittal
plane ankle, knee, and hip gait variables. The researchers selected variables firom the
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Rancho Full Body Galt Analysis Form that were specific to spastic hemiplegia, diplegia,
and quadriplegia Q ^ s of CP. The chosen variables have been reported in research
literature to be the gait deviations that most commonly occur in these types of
The sagittal plane was selected because, according to Rancho OGA, the majority of the
critical events of ambulation occur in the sagittal plane^. Critical events are events that
an individual must perform while ambulating in order to accomplish the functional tasks
of ambulation (See Operational Definitions). Each gait cycle subphase was examined in
the study because establishing the reliability and the validity of each subphase is critical
to a comprehensive analysis of an individual’s gait.

Joint
Hip

Galt Deviation

I

LR I MSt I TSt

I

PSw I ISw I MSw | TSw |

Limited Flexion
Excess Flexion
inadequate Extension
Knee
Limited Flexion
Excess Flexion
Inadequate Extension
Hyperextension
Ankle Excess PlantarRexion
Excess Dorsiflexion
Table 3.1 The twenty-six sagittal plane ankle, knee and hip variables that will be
examined in this study. They are takenfrom Rancho’s Gait Analysis Full Body Form.
LR = loading response, MSt = midstance, TSt = terminal stance, PSw = preswing,
ISw = initial swing MSw = midswing and TSw = terminal swing.

Intra-Rater Reliabilitv
For the examination of intra-rater reliability, the master clinician analyzed 25
videotaped lower extremity limbs fi-om the gait records of 16 subjects. The student raters
analyzed 51 videotaped lower extremity limbs firom the gait records of 31 subjects. Five
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to seven days post-initial observations, the raters repeated their Rancho OGA
observations of the subjects’ videotaped gait records. For repeat observations, the
subjects’ gait files were observed in the same order as the initial observations.
Comparisons between initial and repeat Rancho OGA observations of the subjects' gait
patterns were made for individual raters. The Kappa statistic and percent agreement were
used to determine intra-rater agreement for each of the 26 kinematic variables analyzed,
and for the ankle, knee, and hip at each of the functional phases of gait.
Inter-Rater Reliabilitv
Inter-rater reliability was examined by comparing each rater’s observations with
the other rater’s observations for each of the 26 sagittal plane Rancho OGA variables.
Comparisons were made only with the initial set of observations because this method is
representative of what occurs in the clinic. Clinicians typically have only one
opportunity during the treatment sessions to analyze a patient’s gait pattern and to draw
conclusions about their gait. The Kappa statistic and percent agreement were calculated
to determine the agreement between raters for the 26 Rancho OGA gait variables and for
the ankle, knee and hip at each of the functional phases of gait. The ECappa statistic and
percent agreement calculations were based on an n = 25 lower extremities for the master
clinician and an n = 51 lower extremities for the student raters.
Concurrent Validity
The 31 subject gait files were divided evenly between the student researchers for
graphical analysis ofjoint motion variables. The students were the only raters who
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participated in both the Rancho OGA procedures and analysis of the computerized 3-D
graphed joint motion.
The researchers analyzed joint angle/time graphical data (Appendix F), which
were generated through computerized 3-D gait analysis (See Instrumentation). The
graphs represented sagittal plane ankle, knee, and hip joint motion that was normalized to
a gait cycle. The graphed joint motion was &om the representative gait cycle and had
been graphed as continuous data. Continuous data consists of continuous variables,
which are defined by Portney and Watkins^ as “quantitative variables that can
theoretically take on values along a continuum." The researchers interpreted the graphed
continuous data as nominal data where the joint motion data either fell within or outside
the normative continuous data ranges. The normative data were fiom the CHKS
normative database of children aged 6-10 years. This pediatric normative database was
established in 1995 at CHKS by Ellexson et el“ .
The vertical lines at the beginning and the end of each graph (Appendix F)
represented initial contact and subsequent ipsilateral foot contact, marking the beginning
and the end of the representative gait cycle. The dotted vertical lines represented toe-off,
the beginning of the gait cycle’s swing phase. The graphs had two types o f data curves
represented, the normative data curve and the subject’s data curve. The normative curve,
as previously discussed, was derived firom the CHKS normative database of children and
was established in 1995 at CHKS by Ellexson et el^^. In this study, comparison of a
subject’s joint motion with normative data allowed the researchers to identify gait
deviations throughout the gait cycle.
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Only one representative gait cycle per subject, including the data curves for the
ankle, knee and hip for that gait cycle was analyzed. For the gr^hical analysis, the
researchers divided the normative data curves and subject data curves into their
respective functional subphases of the gait cycle. The subphases that were analyzed
included loading response (LR), midstance (MSt), terminal stance (TSt), preswing (PSw),
initial swing (ISw), midswing (MSw), and term inal swing (TSw) (See Operational
Definitions). Percentages representing the time an individual spends in each subphase
throughout the gait cycle have been established for normal gait\ For example, subjects
with normal gait patterns spend approximately 12% of the total gait cycle time in LR,
19% in MSt, 19% in TSt, 12% in PSw, 13% in ISw, 12% in MSw, and 13% in TSw. The
researchers divided the normative data curves into the gait cycle subphases on the graphs
utilizing these percentages.
The gait subphase percentages determined for subjects’ data curve depended upon
the subjects’ stance and swing phase time percentages per gait cycle. An individual with
a normal gait pattem spends approximately 62% of the gait cycle in stance and 38% in
swing. These percentages are either greater or less in children with CP because they
typically do not spend the same amount of time in stance and swing as an individual with
normal gait. The subject’s stance and swing phase percentages were determined utilizing
the subject’s dotted vertical line on the graph that represents the subject’s toe-off. Toeoff is the dividing line between the subject’s stance and swing phases. The line intersects
the percent gait cycle values at the base of the graph giving indication to the subject’s
stance and swing phase percentages. The researchers used the following equation: SSP =
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SPP XNSP/NPP (SSP = subject subphase percentage; NSP = normal subphase
percentage; SPP = subject phase percentage; and NPP = normal phase percentage) to
determine each subject’s gait cycle subphase percentages, except for LR and PSw, which
will be discussed in the following paragraph. For example, to calculate the gait cycle
subphase percentage o f MSt for a subject whose stance phase is 65%, MSt% = 65% X
19% / 62%. Therefore, compared to the normal 12% in MSt, the subject would spend
approximately 20% of the gait cycle in MSt
If temporal-distance (TD) measures were included in the subjects’ gait records,
then LR and PSw percentages were taken fiom these measures. If the TD measures were
not included in the gait records, the equation described above was used to determine LR
and PSw subphase percentages. The TD measures were not measures specific to the
representative gait cycle being analyzed, rather they were averages based on numerous
gait cycles that were recorded at the end of the computerized gait analysis procedures.
Included in the temporal-distance measures were measurements of two periods of double
limb support (DLS) (See Operational Definitions). Both periods of DLS occur within
one gait cycle. The first period of DLS occurs throughout LR subphase and therefore
reflects the time spent in LR The second period of DLS occurs when the contralateral
limb is in LR and the ipsilateral limb is in PSw. This second period therefore reflects the
amount of time spent in PSw.
After the subject’s gait cycle subphases were divided on the graphs, the
researchers compared the subjects’ joint motion data curve with the normative data curve
throughout each subphase of the gait cycle. The researchers superimposed a transparency
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of the normative subphase data over the subject’s subphase data when necessary to assist
with comparisons between subject and normative gait data. Based on these comparisons,
researchers determined if gait deviations were present or absent, and documented their
findings on a data collection form (Appendix I). If any of the subject data fell outside the
normative data curve at the designated subphase of the gait cycle, the gait deviation was
defined as present Comparison of these 3-D graphical data was made with Rancho OGA
data for each subject to examine the concurrent validity of Rancho OGA.
D ata A nalvsis

Subject demographic data, including CP diagnosis classification, age, gender,
ambulatory status and use of an assistive device at the time of gait analysis were analyzed
using descriptive statistics. Contingency tables were created to examine the Rancho
OGA data obtained by the individual raters for the 26 sagittal plane ankle, knee and hip
joint motion variables (Table 3.1) taken firom Rancho’s Gait Analysis Full Body Form.
Intra-rater and inter-rater reliability regarding the 26 Rancho OGA variables and
regarding the 9 function-based variables (ankle, knee and hip during the three functional
phases of gait), were determined firom the contingency tables through calculation of
Kappa statistic and percent agreement. The functional phases of gait as identified by
Rancho are weight acceptance, single limb support and swing limb advancement (See
Operational Definitions).
In addition, contingency tables were created to examine the Rancho OGA data
obtained by the individual raters versus the computerized 3-D gait analysis data for the 26
joint motion variables. Comparisons between Rancho OGA and computerized 3-D gait
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analysis data were made for each rater. Comparisons made for the master clin ician were
based on a sample of 25 videot^ied lower extremity limbs from the gait records of 16
subjects. For each of the student raters, comparisons were based on a sample of 51
videotaped lower extremity limbs from the gait records of 31 subjects. Kappa statistic
and percent agreement were calculated for each of the 26 Rancho OGA variables and for
the ankle, knee and hip during the functional phases o f gait to determine the concurrent
validity of Rancho OGA based on the observations o f individual raters as compared with
3-D gait analysis.

CHAPTER FOUR
RESULTS
The purpose of this study was to examine the intra-rater and inter-rater reliability
and the concurrent validity of Rancho Los Amigos observational gait analysis (Rancho
OGA). Subject demographics will be presented. Intra- and inter-rater reliability and
concurrent validity of Rancho OGA as compared to computerized 3-D gait analysis will
also be discussed. Due to the large quantity of data generated from this study, the data
have been organized into Tables 4.1 - 4.27 (Appendices J - O) to simplify the text. The
reader is referred to these tables throughout Chapter 4.
Subject Characteristics
Videotaped gait records of 31 subjects with spastic cerebral palsy (CP) were
analyzed in this study. Both lower extremities of 20 subjects were analyzed and one
lower extremity of the remaining 11 subjects was analyzed, resulting in a total analysis of
51 lower extremities. Fifteen of the subjects were female and 16 were male. Their ages
ranged from 4 to 16 years, with a mean age of 10.3 years. Twenty-two subjects were
diagnosed with spastic diplegic CP, one with spastic hemiplegic CP, and six with spastic
quadriplegic CP. Two of the subjects’ gait records did not specify what type of CP the
subject had. The file only stated that the subjects were die^osed with spastic CP.
Twenty-two of the subjects’ gait analyses were pre-operative and one was post-operative.
The remaining eight subjects were referred to the Center for Human Kinetics Studies
(CHKS) gait laboratory for a gait assessment without reference to surgery. During the
videotaped
51

52

gait analysis 21 subjects ambulated independently, seven ambulated with hand-held
support, two with loAstrand crutches and one with a reverse rolling walker.
Three raters analyzed the subjects’ videotaped gait records utilizing Rancho
OGA. The student raters (raters 2 and 3) analyzed a total of 51 lower extremities. Rater
1, the master clinician, analyzed only 25 lower extremities secondary to time constraints.
Of the 51 limbs analyzed by raters utilizing Rancho OGA, computerized 3-D gait
analysis data was available for only 49 of these gait files. Therefore, for the validity
component of this study, comparisons between Rancho OGA data and computerized 3-D
gait analysis data were made for these 49 files.
Kappa Statistic and Percent Agreement
The Kappa statistic and percent agreement were used to assess the intra-rater and
inter-rater reliability and the concurrent validity of Rancho OGA. The Kappa statistic
was chosen because it is a chance-corrected measure of agreement. The Kappa statistic is
stronger with a greater distribution of “yes” and “no” responses. An inaccurate or weak
Kappa results when the distribution of “yes” and “no” responses is smaller and
consequently, a high proportion of the agreements are then expected by chance. For
example, if raters 2 and 3 both said "no" 51 times out of 51 observations indicating that
knee hyperextension in preswing subphase was absent, then the inter-rater reliability for
this variable would be k = 0. Conversely, the percent agreement does not account for
chance agreements and would consequently be 100% agreement for this variable.
Therefore, the percent agreement in this instance would be a more accurate measure of
the agreement for this variable. Because some of the 26 variables examined in this study
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had little variation between "yes" and "no" responses, the researchers chose to analyze
the data with both the Kappa statistic and percent agreement to more accurately assess the
reliability and validity of Rancho OGA.
Landis and Koch^^ have assigned terms for the relative strength of agreement
using Kappa as poor ( k < 0.00), slight ( k = 0.00-0.20), fair ( k = 0.21-0.40), moderate ( k
= 0.41- 0.60), substantial (k = 0.61-0.80), and almost perfect (k = 0.81-1.00). Landis and
Koch have also documented that a clinically acceptable level of agreement for the FCappa
statistic is K > .41. However, for the percent agreement there is no documented scale in
the literature that indicates a clinically acceptable level of agreement Because the
researchers did not find an established scale for percent agreement, they have selected a
level of > 80% as an acceptable level of agreement for this study. The terms used by
Landis and Koch to describe the Kappa statistic's strength o f agreement are only
appropriate for actual Kappa statistic values and are not appropriate for mean Kappa
statistic values. The researchers of this study report mean Kappa statistic values as well
as assign levels of strength of agreement to those mean values. The researchers are aware
that the Kappa statistic's levels of strength of agreement are designed for the
interpretation of actual Kappa statistic values; however, they assigned these levels of
strength of agreement to the mean Kappa statistic values to provide meaningful
interpretation of the data. In determining the appropriate measure to represent the
reliability or validity of a given variable, the researchers chose to state that a variable has
an acceptable level of reliability or validity if either the Kappa statistic is > .41 or the
percent agreement is > 80% for that variable. For example, if the hip in weight
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acceptance (WA) had a mean k = 206 but a mean percent agreement = 92% for intrarater reliability, the percent agreement would be chosen to represent the reliability of that
variable. The hip in WA would be stated as having an acceptable level of reliability
based on the mean percent agreement Conversely, if the hip in WA had a mean k = .553
but a mean percent agreement = 78%, the Kappa statistic would be used to represent that
variable. The researchers would then state that the hip in WA had an acceptable level of
reliability based on the mean Kappa statistic. If both the Kappa statistic was < .41 and
the percent agreement was < 80% for a given variable, the researchers would state that
the reliability or validity of that variable fell below the acceptable level. The researchers
would also state the level of agreement for that variable based on Landis and Koch’s
scale for relative strength of agreement for the Kappa statistic. For example, if the hip in
WA had a mean k = .291 and a mean percent agreement = 66% for inter-rater reliability,
the researchers would then state that on average the variable did not reach the acceptable
level of reliability and had only fair reliability.
Reliabilitv
The Kappa statistic and percent agreement values regarding intra- and inter-rater
reliability of Rancho OGA were calculated for each of the 26 gait variables analyzed in
this study and are displayed m Tables 4.1 through 4.4 (Appendix J). Based on the
calculations made for the 26 gait variables, the mean and range for the intra- and inter
rater reliability Kappa statistic and the mean percent agreement values were also
calculated for the ankle, knee and hip in the three functional phases of gait. These mean
values and their corresponding ranges are displayed in Tables 4.7 through 4.18
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(Appendix L). The three functional phases of gait as identified by Rancho Los Amigos
are weight acceptance (WA), single limb support (SLS) and swing limb advancement
(SLA). The mean values for the three functional phases of gait were calculated by taking
an average of the individual gait variables within the functional phases. For example, the
mean value for the hip in SLS is an average of two variables, inadequate hip extension in
midstance and inadequate hip extension in terminal stance.
Intra-Rater Reliability
Based on the mean Kappa statistic (Table 4.1 in Appendix J), the intra-rater
reliability of the 26 Rancho OGA variables was moderate to substantial at the ankle,
knee, and hip for all three raters when analyzing videotaped gait records of children with
spastic cerebral palsy (CP). The mean Kappa statistic was calculated for each rater by
taking the mean Kappa statistics of the 26 Rancho OGA gait variables firom all subphases
and all joints analyzed in this study (Table 4.1). The mean Kappa statistic and mean
percent agreement values for rater 1 were mean k = .471 (range = -.056, 1.00) and mean
percent agreement = 87% (SD = + 1.85); for rater 2 were mean k = .533 (range = -.027,
.929) and mean percent agreement = 89% (SD = ± 1.23); and for rater 3 were mean k =
.659 (range = -.030, .922) and mean percent agreement = 91% (SD = ± 1.28).
The researchers also calculated for intra-rater reliability, percentages for the 26
Rancho OGA variables which reflect the percent of Kappa statistic values that fell within
each level of strength of agreement (Table 4.25 in Appendix N). The percentages were
calculated by dividing the total number of variables that had one specific level of
agreement by the total of 78 possible agreements (26 variables x 3 raters). This resultant
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value was then multiplied by 100 to obtain a percentage. All Kappa statistic values
were included in the calculation o f the percentages of Kappa statistic values within each
level of agreement. However, because some of the Kappa statistic values that were
included were inaccurate, the percentages o f Kappa statistic values within each level of
agreement may be an underestimation of the fin d in g s. Eighteen percent of the raters’ 26
Rancho OGA Kappa statistic values had almost perfect reliability, 38% had substantial,
21% had moderate, 6% had fair, 12% had slight, and 5% had poor levels of reliability.
Weight Acceptance
Intra-rater reliability at the hip in WA was based on the findings of only one of
the 26 Rancho OGA variables, hip excess flexion loading response. Based on the mean
Kappa statistic values for the hip in WA (see Tables 4.19-4.24 in Appendix M), intrarater reliability of raters 1,2 and 3 exceeded the acceptable level of reliability (mean k

>

0.41 and/or mean percent agreement > 80%). Rater 1 had moderate intra-rater reliability
on average (mean k = .598, mean percent agreement = 80%). Rater 2 had substantial
reliability on average (mean k = .682, mean percent agreement = 84%); and rater 3 had
substantial reliability on average (mean k = .691, mean percent agreement = 88%).
Based on mean percentage agreement values, intra-rater reliability of the knee in
WA was very high for all three raters. Rater 1 had 92% mean percent agreement (mean k
= .143); rater 2 had 93% mean percent agreement (mean k = .344); and rater 3 had 88%
mean percent agreement (mean k = .691). The low Kappa statistic values for raters land
2 were most likely due to the event that the majority of the raters’ OGA responses for the
knee in WA were either “yes, the deviation exists” or “no the deviation does not exist”.
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As stated previously (see the section entitled Kappa Statistic and Percent Agreement),
if the majority of responses for a variable are either “yes” or “no” responses, then there is
a high proportion of agreements expected by chance which can consequently result in a
low Kappa statistic.
All raters exceeded the acceptable level of intra-rater reliability at the ankle in
WA. Rater 1 and 3 had substantial intra-rater reliability on average (mean k = .799,
mean percent agreement = 90%; mean k = .691, mean percent agreement = 89%). Rater
2 had almost perfect reliability on average based on the mean Kappa statistic (mean k

=

.820, mean percent agreement = 92%).
In summary, the intra-rater reliability on average at all three joints in WA was
high. Both the ankle and the knee had higher intra-rater reliability on average than the
hip based on the mean Kappa statistic and/or the mean percent agreement.
Single Lim b Support

Based on the mean Kappa statistic values for intra-rater reliability, each rater
exceeded the acceptable level of reliability at the hip in SLS. Rater 1 and 3 had
substantial intra-rater reliability on average (mean k = .623, mean percent agreement =
82%; mean k = .675, mean percent agreement = 86%). Rater 2 was moderately reliable
on average (mean k = .581, mean percent agreement = 84% respectively).
Intra-rater reliability at the knee in SLS exceeded the acceptable level of
reliability for each rater, based on the mean percent agreement values. Intra-rater mean
percent agreement for rater 1 was 88% (mean k = .331). Rater 2 and rater 3 both had
94% intra-rater mean percent agreement (mean k = .415; mean k = .636 respectively).
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Intra-rater reliability at the ankle during SLS exceeded the acceptable level of
reliability on average for all three raters. Raters 1,2 and 3 had substantial intra-rater
reliability on average (mean K = .702, mean percent agreement = 88%; mean k = .638,
mean percent agreement = 84%; mean k = .716, mean percent agreement = 90%
respectively).
Intra-rater reliability during SLS for all three joints was high for all three raters.
The intra-rater reliability at the ankle, knee and hip ranged &om moderate to substantial
based on the mean Kappa statistic and/or the mean percent agreement
Swing Limb Advancement
Based on mean percent agreement values, intra-rater reliability at the hip in SLA
exceeded the acceptable level of reliability for all three raters. Rater 1 had 95% mean
percent agreement and was moderately reliable based on the mean Kappa statistic (mean
K= .418). Rater 2 had 91% mean percent agreement (mean ic = .390); and rater 3 had
93% mean percent agreement (mean k = .349).
The knee during SLA had acceptable intra-rater reliability for all three raters
based upon mean percent agreement values. Rater 1 had 91% mean percent agreement
(mean k = .279). Rater 2 had 92% mean percent agreement and was moderately reliable
based on the mean Kappa statistic (mean k = .434). Rater 3 had 95% mean percent
agreement and had substantial reliability based on the mean Kappa statistic (mean k

=

.635).
Each rater reached an acceptable level of intra-rater reliability on average at the
ankle during SLA. Rater 1 was moderately reliable on average (mean k = .503, mean
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percent agreement = 78%). Raters 2 and 3 had substantial reliability on average (mean
K= .641, mean percent agreement = 83%; mean ic = .737, mean percent agreement =
91% respectively).
In summary, intra-rater reliability for all three joints in SLA was high for all three
raters ranging from moderate to substantial reliability on average. Each joint tended to
have, on average, similar levels of intra-rater reliability.
Regarding the intra-rater reliability throughout WA, SLS and SLA, the ankle,
knee, and hip were ail above the acceptable level of reliability based on either the mean
Kappa statistic and/or the mean percent agreement for all three functional phases of gait
(Tables 4.7-4.12 in Appendix L). The knee and the ankle had higher intra-rater reliability
on average than the hip throughout WA and SLS. In SLA, each of the joints had near
equal intra-rater reliability based on the mean Kappa statistic and/or the mean percent
agreement.
The intra-rater reliability values for WA, SLS and SLA at the ankle, knee, and hip
were collapsed data derived from Kappa statistic and percent agreement values calculated
for the individual 26 Rancho OGA variables (Tables 4.1-4.2 in Appendix J). Of the 26
variables, the only variable that failed to reach the acceptable level of intra-rater
reliability was ankle excess plantarflexion in midswing subphase where the Kappa
statistic was .367 and the percent agreement was 68%.
Inter-Rater Reliability
Inter-rater reliability Kappa statistic and percent agreement values for the 26
Rancho OGA gait variables are presented in Tables 4.3-4.4 (Appendix J). At the bottom
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of each table are the corresponding mean K ^ p a statistic or the mean percent
agreement values for raters 1 and 2, raters 1 and 3, and raters 2 and 3. These values were
calculated by taking the mean Kappa statistic or percent agreement values o f the 26
Rancho OGA gait variables from all subphases and all joints analyzed in this study.
Based on the calculations made for the 26 gait variables, the mean Kappa statistic and
mean percent agreement values for inter-rater reliability were also calculated for the
ankle, knee, and hip in the three functional phases of gait These collapsed data are
presented in Tables 4.13 through 4.18 (Appendix L).
Comparisons made among the three raters will be discussed in terms of
comparisons made between raters 1 and 2, between raters 1 and 3, and between raters 2
and 3. As previously discussed, the master clinician was referred to as rater 1. The
student physical therapists were raters 2 and 3.
Based on the mean Kappa statistic, the inter-rater reliability of the three raters
utilizing Rancho OGA was fair to moderate at the ankle, knee, and hip when analyzing
videotaped gait records of children with spastic cerebral palsy (CP). The mean Kappa
statistic and mean percent agreement values followed by the corresponding m in im um and
maximum values for inter-rater reliability of raters land 2 were mean k = .391 (range = 0,
1.00) and mean percent agreement = 81% (SD = + 2.78); for raters 1 and 3 were mean k
= .362 (range = -.056,1.00) and mean percent agreement = 84% (SD = + 2.78); for raters
2 and 3 were mean k = .471 (range = 0,1.00) and mean percent agreement = 86% (SD =
± 1.71).
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The researchers also calculated for inter-rater reliability, percentages for the 26
Rancho OGA variables that reflect the percent o f Kappa statistic values that fell within
each level of strength of agreement (Table 4.25 in Appendix N). Six percent of the
combined rater’s 26 Rancho OGA Kappa statistic values had almost perfect reliability,
17% had substantial, 36% had moderate, 17% had fair, 22% had slight, and 3% had poor
levels of reliability.
Weight Acceptance
Inter-rater reliability at the hip in WA is based on the findings o f only one of the
26 Rancho OGA variables, excess hip flexion in loading response. Based on comparisons
made between raters for observations of the hip during WA, raters 2 and 3 exceeded the
acceptable level of inter-rater reliability on average. However, raters 1 and 2, and raters 1
and 3 did not reach the acceptable level of reliability on average. Raters 2 and 3 had
moderate inter-rater reliability on average (mean k = .427, mean percent agreement =
71%). Raters 1 and 2, and raters 1 and 3, however, demonstrated only slight to fair inter
rater reliability on average (mean k = .277, mean percent agreement = 64%; mean k =
.096, mean percent agreement = 52% respectively).
Based on mean percent agreement values, inter-rater reliability of the knee in WA
was above the acceptable level of reliability for all three pairwise comparisons of raters.
Raters 1 and 2, and raters 2 and 3 both had 94% inter-rater mean percent agreement
(mean k = .298; mean k = .384 respectively). Raters 1 and 3 had 92% mean percent
agreement (mean k = .206).
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Inter-rater reliability for all three raters at the ankle during WA exceeded the
acceptable level of reliability on average. Raters 1 and 2, and raters 1 and 3 had
substantial inter-rater reliability on average (mean k = .761, mean percent agreement =
88%; mean k = .651, mean percent agreement = 82% respectively). Raters 2 and 3 had
almost perfect inter-rater reliability on average (mean ic = .807, mean percent agreement
= 90%).
In summary, the inter-rater reliability for WA at the ankle and the knee was
higher than the hip on average. The reliability at the hip was not acceptable for two sets
of raters (raters 1 & 2 and raters 1 & 3) and on average for the three sets of raters only
ranged &om poor to moderate agreement The knee and ankle, however, had acceptable
levels of reliability on average.
Single Limb Support
Based on mean Kappa statistic values for the hip in SLS, only raters 1 and 3, and
raters 2 and 3 reached the acceptable level of reliability while raters 1 and 2 did not reach
the acceptable level of reliability on average. Raters 1 and 3, and raters 2 and 3 had
moderate inter-rater reliability on average (mean k = .553, mean percent agreement =
78%; mean k = .511, mean percent agreement = 80% respectively). Raters 1 and 2
demonstrated only fair reliability on average (mean k = .291, mean percent agreement =
66%).

Inter-rater reliability at the knee in SLS for all three pairwise comparisons of
raters was above the acceptable level of reliability when based on mean percent
agreement values. Raters 1 and 2 had a mean percent agreement of 89% (mean k = .360).
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Raters 1 and 3 had a mean percent agreement of 87% (mean K = .312). Raters 2 and 3
had 89% mean percent agreement and were moderately reliable based on the mean Kappa
statistic (mean k = .437).
Inter-rater reliability at the ankle during SLS for raters 1 and 3, and raters 2 and 3
was above the acceptable level on average based on mean Kappa statistic values.
However, inter-rater reliability for raters 1 and 2 had only fair reliability on average
(mean k = .371, mean percent agreement = 72%) and did not reach the acceptable level of
reliability on average. Raters 1 and 3 were moderately reliable on average (mean k

=

.496, mean percent agreement = 79%). Raters 2 and 3 had substantial inter-rater
reliability on average (mean k = .605, mean percent agreement = 84%).
Inter-rater reliability in SLS for the hip, knee ankle varied a great deal. On
average, the knee for all three raters was above the acceptable level of reliability and the
hip and ankle for only two sets of raters (raters 1 & 3 and raters 2 & 3) were above the
acceptable levels of reliability. Inter-rater reliability of the knee was greater than the
reliability at the ankle, followed by the hip.
Swing T.imb Advancement
Inter-rater reliability at the hip during SLA exceeded the acceptable level of
reliability for all three raters based on mean percent agreement values. Raters 1 and 2
had 95% mean percent agreement and had substantial reliability based on the mean
Kappa statistic (mean k = .645). Raters 1 and 3 had 93% mean percent agreement (mean
K = -.019). Raters 2 and 3 had 89% mean percent agreement (mean k = .182).
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The knee during SLA also had acceptable inter-rater reiiabili^ for all pairwise
comparisons of raters when based on mean percent agreement Raters 1 and 2 had 83%
mean percent agreement (mean k = .152). Raters 1 and 3, and raters 2 and 3 both had
88% mean percent %reement (mean k = .198; mean k = .332, respectively).
Inter-rater reliability Kappa statistic values for the ankle in SLA exceeded the
acceptable level of reliability on average for all three raters. Raters 1 and 2, raters 1 and
3, and raters 2 and 3 all had moderate inter-rater reliability on average (mean k = .431,
mean percent agreement = 72%; mean k = .549, mean percent agreement = 85%; mean k
= .594, mean percent agreement = 81% respectively).
Inter-rater reliability in SLA for the ankle, knee, and hip reached moderate to high
levels of reliability for SLA. The raters had the greatest inter-rater reliability at the hip
followed by the knee and the ankle.
In summary, inter-rater reliability of the ankle, knee, and hip in WA SLS and
SLA varied throughout the functional phases and joints (Tables 4.13-4.18 in Appendix
L). SLA had higher reliability on average than WA and SLS for all three joints. The
ankle and the knee had higher levels of reliability than the hip throughout the functional
phases of gait except that the hip had the highest level of agreement in SLA based on the
mean Kappa statistic and/or the mean percent agreement.
The inter-rater reliability data discussed above for WA, SLS and SLA at the
ankle, knee, and hip were collapsed data derived from Kappa statistic and percent
agreement values calculated for the individual 26 Rancho OGA variables. The following
summary statements are based on the Kappa statistic and percent agreement values for
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inter-rater reliability for these 26 Rancho OGA variables as listed in Tables 4.3-4.4 in
Appendix J. The student raters, raters 2 and 3, had the greatest number of the 26 variables
meet or exceed the acceptable level of inter-rater reliability as compared to the master
clinician and rater 2, and the master clinician and rater 3. Raters 1 and 2 had the least
amount of the 26 variables that reached the acceptable level of inter-rater reliability.
Relatively half of all the variables at the hip and at the ankle were below the acceptable
level of agreement for raters 1 and 2. Three out of the six variables at the hip were below
the acceptable level of reliability and included excess flexion during loading response and
inadequate extension in midstance and terminal stance. Four out of the 10 variables at
the ankle were below the acceptable level of reliability and included excess plantarflexion
in terminal stance, initial swing and midswing and excess dorsiflexion in terminal stance.
Raters 1 and 2 were also the only raters to have a variable at the knee that was below the
acceptable level of reliability. No one variable was consistently below the acceptable
level of inter-rater reliability for all three comparisons.
Concurrent Validity
Kappa statistic and percent agreement values for the concurrent validity of
Rancho OGA were calculated for each of the 26 gait variables analyzed in this study and
are presented in Tables 4.5 - 4.6 (Appendix K). The types of disagreements that occurred
between each rater’s Rancho OGA findings and the computerized 3-D gait analysis data
as well as the number of each type of disagreement are presented for each of the 26
Rancho OGA variables in Tables 4.27a and 4.27b (Appendix O). Of the total
disagreements, there were 365 incidences when the computer identified a deviation when
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the raters did not and there were 190 incidences when the raters identified a gait
deviation that was not present according to computerized 3-D gait analysis. Based on the
Kappa statistic and percent agreement values for the 26 gait variables in Tables 4.5 - 4.6,
mean Kappa statistic and mean percent agreement with the corresponding ranges were
also calculated for the ankle, knee, and hip in the three functional phases of gait. These
values are displayed in Tables 4.19 - 4.24 (Appendix M). The mean values for the three
functional phases of gait were calculated by taking the mean of the individual gait
variables associated with each functional phase. For example, the mean value for the
knee in SLS is an average of five variables, inadequate extension in midstance and
terminal stance, and hyperxtension in midstance and terminal stance.
At the bottom of the concurrent validity Tables 4.5 and 4.6 mean Kappa statistic
and mean percent agreement values for the 26 Rancho OGA variables that have been
calculated for each rater are presented. These mean Kappa statistic and percent
agreement values have been calculated for each rater by taking the mean of the 26
Rancho OGA gait variables including each joint and subphase analyzed in this study.
Based on the mean percent agreement values found in Table 4.6, the concurrent validity
of Rancho OGA for each rater was above the acceptable level of validity for the analysis
of videotaped gait records of children with spastic cerebral palsy (CP). The mean Kappa
statistic and mean percent z^eem ent values followed by the minimum and maximum
values for rater 1 were mean k = .456 (range = 0, .783) and mean percent agreement =
82% (SD = + 2.94), for rater two were mean k = .463 (range = 0, .878) and mean percent

67

agreement = 83% (SD = ± 2.41), and for rater three were mean k = .388 (range = -.034,
.730) and mean percent agreement = 84% (SD = ± 1.77).
The researchers also calculated for concurrent validity, percentages for the 26
Rancho OGA variables that reflect the percent of Kappa statistic values that fell within
each level of strength of agreement (Table 4.25 in Appendix N). One percent of the
combined rater’s 26 Rancho OGA Kappa statistic values had almost perfect reliability,
32% had substantial, 30% had moderate, 18% had fair, 18% had slight, and 1% had poor
levels of reliability.
As discussed in the section Subject Characteristics, comparisons made between
Rancho OGA and computerized 3-D gait analysis data for rater 1, the master clinician,
are based on a sample of 25 lower extremities. Comparisons made for raters 2 and 3, the
student raters, are based on a sample of 49 lower extremities.
Weight Acceptance
Concurrent validity at the hip in WA is based on the findings of only one of the
26 Rancho OGA variables, excess hip flexion during loading response. The mean Kappa
statistic and mean percent agreement values for this variable were below the acceptable
level of validity for all three raters (See Tables 4.5-4.6 in Appendix K). Validity at the
hip ranged from slight agreement ( k = .080, percent agreement = 52%) to fair agreement
(k

= .333, percent agreement = 71%).
The observations made by all three raters at the knee in WA exceeded the

acceptable level of validity based on the mean percent agreement. Rater 1 had 88% mean
percent agreement (mean k = .097), rater 2 had 87% mean percent agreement (mean x =
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.224), and rater 3 had 90% mean percent agreement (mean ic = .501) with
computerized 3-D gait analysis.
The Rancho OGA data obtained by raters 2 and 3 for the ankle at WA also
exceeded the acceptable level of validity based on the Kappa statistic. Rancho OGA data
obtained from raters 2 and 3 had substantial validity on average (mean k = .607, mean
percent agreement = 83%; mean k = .633, mean percent agreement =0 85% respectively);
whereas the observations of rater 1 had only fair validity on average (mean k = .400,
mean percent agreement = 74%).
Comparisons between Rancho OGA and computerized 3-D gait analysis data
based on mean percent agreement values are displayed graphically in Figure 4.1 for
observations made at the ankle, knee, and hip during WA. None of the raters reached the
acceptable level of validity for the hip in WA. All three raters exceeded the level of
acceptable validity for the knee and only rater 1 failed to reach the acceptable level of
validity for the ankle in WA.
Figure 4.1 Weight Acceptance: Mean
Percent Agreement Between Rancho OGA
and Computerized 3-D Gait Analysis
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Single Limb Support
The concurrent validity of Rancho OGA at the hip during SLS was below the
acceptable level of validity on average for all three raters. The validity ranged from
slight (mean k = .190, mean percent agreement = 58%) to fair (mean k = .353, mean
percent ^reem ent = 70%). The mean Kappa statistic and percent agreement values for
SLS at the hip includes only two of the 26 Rancho OGA variables, hip inadequate
extension for the subphases midstance and terminal stance. Of the two variables and the
three raters, the only variable that exceeded the acceptable level of validity was hip
inadequate extension in terminal stance by rater 3 (k = .425, percent agreement = 76%)
(see Tables 4.5-4.6 in Appendix K). This same variable for raters 1 and 2 as well as the
variable hip inadequate extension during midstance for all three raters were below the
acceptable level of validity.
Rancho OGA exceeded the acceptable level of validity on average for all three
raters at the knee during SLS. The OGA data obtained from rater 1 and rater 2 had
substantial levels of validity based on the mean percent agreement and the mean Kappa
statistic (mean k = .644, mean percent agreement = 90%; mean k = .661, mean percent
agreement = 89% respectively). The data obtained from rater 3 had 84% mean percent
agreement (mean K= .316).
The observations made by all three raters at the ankle in SLS reached the
acceptable mean Kappa statistic but raters 1 and 2 did not reach an acceptable level based
on percent agreement (see Figure 4.2). The Rancho OGA data obtained from all three
raters had a moderate level of validity on average (mean k = .483, mean percent
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agreement = 78%; mean k = .441, mean percent agreement = 77%; mean ic = .600,
mean percent agreement = 85% respectively).
Mean percent agreement values based upon comparisons between Rancho OGA
and computerized 3-D gait analysis data are displayed graphically for the ankle, knee,
and hip in SLS in Figure 4.2. Each rater exceeded the acceptable level of validity at the
knee and the ankle based on mean Kappa statistic and/or mean percent agreement values.
Although the mean Kappa statistic values were above the acceptable level o f validity for
the ankle in SLS, the graph below demonstrates that two of the rater’s mean percent
agreement values were below the acceptable level of validity. All three raters did not
reach the acceptable level of validity on average at the hip in SLS based on both the mean
Kappa statistic and the mean percent agreement values.
Figure 4.2 Single Limb Support:
Mean Percent Agreement Between Rancho
Singh Limb Support
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Swing Limb Advancement
The concurrent validity of the Rancho OGA observations of the hip in SLA was
above the level of acceptable validity on average for all three raters. Rater 1 had 95%
mean percent agreement with computerized 3-D gait analysis and was moderately valid
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based on the mean Kappa statistic (mean k = .588). Rater 2 had 96% mean percent
agreement and was substantially valid based on the mean Kappa statistic (mean k = .762).
Rater 3 had 90% mean percent agreement, however, the mean Kappa was low (mean k =
232).
Based on mean percent agreement, the concurrent validity on average of Rancho
OGA ratings at the knee in SLA exceeded the acceptable level of validity for all three
raters. Rater 1 had 91% mean percent agreement (mean k = .253); rater 2 had 83% mean
percent agreement (mean k = .382); and rater 3 had 90% mean percent agreement (mean
K

= .283).
The concurrent validity of the ankle in SLA, based on mean Kappa statistic and

mean percent agreement values were acceptable. The Rancho OGA data had a moderate
level of validity for all three raters (mean k = .604, mean percent agreement = 82%; mean
K = .542, mean percent agreement = 83%; mean k = .533, mean percent agreement =
80% respectively).
Mean percent agreement values based on comparisons between Rancho OGA and
computerized 3-D gait analysis data are displayed graphically for the ankle, knee, and hip
in Figure 4.3. The hip had the highest level of validity on average in SLA followed by
the knee then the ankle.
In summary, acceptable levels of agreement between OGA and computerized 3-D
gait analysis (See Tables 4.19 - 4.24 in Appendix M) were found for the hip during SLA,
knee during WA, SLS, and SLA and the ankle during SLS and SLA, whereas,
unacceptable and lower levels of agreement were found at the hip during WA and SLS
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for all three raters. Furthermore, SLA had the highest level of agreement on average
followed by WA and SLS.
Figure 4 3 Swing Limb Advancement:
Mean Percent Agreement Between Rancho
OGA and Computerized 3-D Gait Analysis
Swing Lin* Advancement

LnHefAgnHniM

■Rater 1 (I1P2S)
■Rater2 (n=49)
□RaierS (n=49)
Knee

ArMe

The above summary regarding the ankle, knee, and hip in WA, SLS and SLA
were collapsed data taken from the individual Kappa statistic and percent agreement
values for the 26 Rancho OGA gait variables. These values are presented in Tables 4.5 4.6 in Appendix K. The hip and the ankle had the greatest number of Kappa statistic and
percent agreement values below the acceptable level of validity for all three raters. There
was only one variable at the knee, limited flexion initial swing, and one rater that had an
unacceptable Kappa statistic and percent agreement
At the hip, all three raters had difGculty with the variables excess flexion during
loading response and inadequate extension during midstance. Two of the raters,
including the master clinician and one student rater, also had difGculty with hip
inadequate extension in terminal stance. These three variables comprise the variables
included in the funcGonal phases WA and SLS and thus, explain the unacceptable levels
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of agreement at the hip in these phases.
At the ankle, all three raters typically had difficulty with the observation of excess
dorsiflexion. Each of the raters had unacceptable levels of agreement for excess
dorsiflexion in preswing. Rater 1 also had difficulty with ankle excess dorsiflexion in
loading response and terminal stance, while rater 2 had difficulty with ankle excess
dorsiflexion in midstance and term inal stance.
Sum m arv

Reliability
On the average, the intra-rater reliability of 26 Rancho OGA gait variables was
high and exceeded the acceptable level of reliability based on both the mean Kappa
statistic and mean percent agreement values. Intra-rater reliability of Rancho OGA met
or exceeded the acceptable level of reliability for each joint and each functional phase of
gait for all three raters. The agreement at the knee throughout the functional phases of
gait was very high on average followed by the ankle then the hip. The least amount of
agreement on average was found at the hip and occurred in WA and SLS. Also,
agreements across joints were strongest on average in WA and SLA, and ranged firom
moderate to almost perfect. SLS had the least agreement on average and ranged from
moderate to substantial.
The inter-rater reliability of the 26 Rancho OGA gait variables was at acceptable
levels on average based on percent agreement values. Only the knee and ankle reached
acceptable levels of reliability throughout WA, SLS and SLA. The hip had acceptable
reliability only during SLA.

74
Concurrent Validity
The concurrent validity of the 26 Rancho OGA gait variables varied in agreement
among variables, especially at the hip and ankle, but was above the acceptable level of
validity based on the mean Kappa statistic and/or the mean percent agreement The knee
and ankle were close in strength of agreement for all three functional phases of gait and
were above the acceptable level of validity on average. The hip had an acceptable level
of validity only in SLA, however the strength of agreement in SLA was very high. SLA
on average had greater agreement than WA and SLS. The higher agreement in SLA may
be secondary to the strength of agreement at the hip in SLA which was quite high.
The results of this study suggest that based on the mean Kappa statistic and/or
mean percent agreement values, 26 sagittal plane Rancho OGA gait variables have
moderate to substantial intra-rater reliability on average and fair to moderate inter-rater
reliability on average when utilized in the analysis of children with spastic cerebral palsy
(CP). The results of this study also suggest that the concurrent validity of Rancho OGA
in comparison to computerized 3-D gait analysis is fair to moderate on average when
utilized in the analysis of videotaped gait records of children with spastic CP in
comparison with computerized 3-D gait analysis. The levels of reliability and validity are
based on the analysis of computerized 3-D gait analysis joint motion graphs and
videotaped gait records of children with spastic CP by one master clinician and two
student physical therapist raters.

CHAPTER FIVE
DISCUSSION
Reliability
Intra-rater Reliability
The mean Kappa values of the 26 gait variables examined in this study (Table 4.1,
Appendix J) suggest there is moderate to substantial intra-rater reliability of Rancho
OGA at the ankle, knee, and hip when analyzing videotaped gait records of children with
spastic cerebral palsy (CP). The results of previous studies suggest that OGA at best is
moderately

However, the results of this study indicate

substantial agreement for the majority of individual Kappa statistic values (Table 4.25,
Appendix N). There are many possible explanations for these results. First, the raters
who participated in this study imderwent extensive training prior to the study that
included instruction and practice of Rancho OGA utilizing the Rancho OGA Handbook
and videotape analysis of normal and pathologic pediatric gait. Rater I, the master
clinician, completed 11.5 hours of training in Rancho OGA. Raters 2 and 3, entry-level
physical therapy students, completed 31.5 hours o f training. This training far exceeded
the content and extent of training other raters received in previous
Second, during this training raters operationally defined
each of the 26 gait deviations examined in this study according to the gait deviation
definitions in the Rancho OGA Handbook‘s.
A third factor that could account for the difference in reliability levels between
our study and previous studies is that the observational gait assessments made in this
75

durent study were viewed on videotaped gait records in slow motion. Four of the
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previous studies examining the reliability of OGA were performed by observing subjects
ambulating at normal speed^*’^ ’^^’^^. Fourth, the subject sample utilized for this study
were all children with spastic CP. Subject populations that ambulate with more severe
gait impairments and characteristic gait patterns, as seen in subjects with spastic CP, may
have gait deviations that are more obvious and easier for clinicians to detect*^’^^. Two of
the previous studies on the reliability of OGA utilized a heterogeneous sample of
subjects^^*^. Fifth, studies show that gait variables in the sagittal plane yield higher
reliability results than variables in the frontal plane‘®’^°’^‘. This current study is the only
study of the reliability of OGA that focused on the examination of sagittal plane gait
variables’^’^^’^*’^®’^”’^*’^ ^ ’^^’^®. Finally, one factor in the procedures followed for intrarater reliability in the current study may have contributed to stronger reliability findings.
Videotaped gait sequences of the second observations were not randomized; therefore,
raters gait assessments may have been influenced by their memory of the subject, thus
inflating the results of intra-rater reliability*^.
Inter-rater Reliability
The inter-rater reliability of the three raters utilizing Rancho OGA was fair to
moderate at the ankle, knee, and hip based on the mean Kappa statistic when analyzing
videotaped gait records of children with CP. Although previous research suggests the
inter-rater reliability of OGA is poor to moderate*®’*^’**’*^’^®’^*’^ ^ ’^ ’^^’^®, 59% of the
individual Kappa statistic values (Table 4.25, Appendix N) for the ankle, knee, and hip in
this current study showed moderate to almost perfect inter-rater reliability. More

_
specifically, Seymour et al examined the inter-rater reliability of Rancho OGA and
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found no agreement between raters at the ankle, knee, or hip during swing limb
advancement (SLA), at the knee during weight acceptance (WA), or at the ankle during
single limb support (SLS). Seymour et al also found weak reliability at the hip and ankle
during WA, and the hip and knee during SLS (intraclass correlation coefBcient range =
.44 to .64). In contrast, our study found the hip during SLA, the ankle during WA and
SLS, and the knee during all three functional phases of gait to be at or above the
acceptable level of inter-rater reliability. The only joints and functional phases that were
below the acceptable level of reliability included the hip in WA and SLS, and the ankle in
SLS.
Four other published OGA studies examined the inter-rater reliability at the
jjjp20.2i.23.54 fjQ^eygj.^ no conclusive statements regarding inter-rater reliability of OGA
at the hip in stance were made in these studies. In our study, the hip had a lower average
of inter-rater reliability during WA and SLS than the ankle or the knee. A factor of the
methodology that may have contributed to the low results of inter-rater reliability at the
hip is the standard equipment and procedures used in the Center for Human Kinetic
Studies (CHKS) gait laboratory. Extensive equipment necessary for EMG and kinematic
analysis was secured to the subject, such as limb segment markers and electrodes. This
equipment, as well as the subjects' clothing, obscured the view of the hip and made it
difficult to assess joint motion.
The Rancho OGA procedures applied in our study may be another contributing
factor to the weak results of inter-rater reliability of the hip in WA and SLS. The Rancho
Observational Gait Analysis Handbook'* states “all motions of the hip described are of the

femur relative to vertical, rather than of the femur relative to the pelvis.” The reason
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behind assessing hip joint motion as relative to vertical rather than relative to the pelvis is
to make reference observations easier since a 10° anterior tilt is the neutral position of the
pelvis in the sagittal plane. Traditionally, clinicians assess hip motion as relative to the
pelvis. The raters, especially the master clinician, had experience evaluating hip motion
as relative to the pelvis; therefore the raters may have had difficulty switching their OGA
approach. Furthermore, it is difficult to mentally impose the vertical axis on a subject
that is moving dynamically during ambulation. This visualization is particularly difficult
in children with spastic CP who fiequently have abnormal alignment of trunk and pelvis
during gait
The ankle during SLS had greater reliability on average than the hip. Inter-rater
reliability for raters 1 and 3 and raters 2 and 3 was above the acceptable level of
reliability based on mean Kappa statistic values. However, raters 1 and 2 had only fair
inter-rater reliability on average (mean k = .371, mean percent agreement = 72%) and did
not reach the acceptable level of agreement Previous research studies are inconclusive in
terms of the inter-rater reliability of the ankle in

However, Saleh and

Murdoch^^ noted difficulty assessing the ankle and foot in stance phase, and Keenan and
Bach^ reported poor inter-rater reliability when assessing rearfoot motion throughout the
gait cycle.
The weaker inter-rater reliability results at the ankle may be due to the complexity
of the ankle joint The ankle/foot complex is composed of 25 joints, which may increase
the difficulty of clearly observing a single joint such as the talocrural join t For example,
halfway through the study, the researchers realized one rater was making judgements

regarding ankle dorsiflexion and plantarflexion by observing both talocrural and
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tarsometatarsal joint motion. This confounding factor led researchers to conclude that
more rater training would be required at the ankle to train the clinician to only observe
the talocrural joint when evaluating ankle dorsiflexion and plantar flexion utilizing
Rancho OGA.
Another factor that may have lowered inter-rater reliability at the ankle is the
angle at which the videotaped recordings were taken relative to the plane of the subject's
ankle motion. The video cameras in the CHKS gait laboratory are located in a
standardized position to record sagittal plane motion of the trunk and lower extremities.
Some subjects with spastic CP ambulate with excessive external tibial torsion, which
results in a foot alignment more in the coronal plane than in the sagittal plane. If the
alignment of the foot is more in the coronal plane of motion, the observer is at a
disadvantage to observe the true motion occurring at the ankle in the sagittal plane, and
thus the judgement of the observer is impaired. Ratings across observers therefore may
differ.
The inter-rater reliability of Rancho OGA at the ankle, knee, and hip was
moderately reliable across functional subphases except for the hip in WA and SLS, and
the ankle in SLS. Possible explanations for the low inter-rater reliability results of
Rancho OGA at the hip include obscured view secondary to gait analysis equipment, and
Rancho OGA procedures. The low inter-rater reliability results of the ankle may be due
to the structure of the ankle/foot complex, and the angle of videotaped recordings relative
to the subject's plane of the ankle motion. Lastly, the inter-rater reliability of Rancho
OGA may have been lower than intra-rater reliability in general since inter-rater
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reliability measures the agreement among different raters and intra-rater reliability
measures the agreement o f one rater with himself'herself.
Concurrent Validity
Concurrent validity in our study was fair to moderate based on Kappa statistic for
the majority of ankle, knee, and hip variables in the sagittal plane. This finding is
consistent with Greenburg et al^. Four of the five sagittal plane variables discussed in
the published abstract of Greenburg’s study were also analyzed in our study. These
variables included knee flexion during preswing (PSw), initial swing (ISw), and terminal
swing (TSw), and hip flexion during ISw. Greenburg and associates found no greater
than chance agreement for all raters for knee flexion during PSw and TSw, and hip
flexion during ISw, and found substantial agreement between four of the six raters for
knee flexion during ISw ( k range .70 to .78). In comparison, the results of our study
(Table 4.5, Appendix J) for all three raters reflect moderate agreement for knee flexion
during PSw (k = .405, .481, .520), fair to substantial agreement for knee flexion during
ISw (k = .282, .606, .613), no greater than chance agreement for knee flexion during TSw
(k

= 0), and moderate to substantial agreement for hip flexion during ISw ( k values =

.468, .489, .633). However, when examining the percent agreement for these same four
variables, only knee flexion during ISw for rater 2 was below the acceptable level of
agreement Otherwise, the results of this study show all three raters had an acceptable
level of agreement for all four variables examined in Greenburg’s study. Furthermore, of
the individual Kappa statistic values examined for the concurrent validity of Rancho
OGA in our study (Table 4.25, Appendix N), 18% had fair agreement, 30% had

moderate, and 32% had substantial agreement Therefore, 80% of the variables
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examined in our study had at least fair agreement, and 62% of the variables had moderate
to substantial agreement Whereas, Greenburg et al study reported that of the
comparisons made, 37% had fair agreement 19% had moderate, and 8% had substantial.
Sixty four percent of variables examined in Greenburg's study had at least fair agreement
and only 27% of these variables had moderate to substantial agreement
In summary, our results generally concur with Greenburg’s conclusions that the
concurrent validity of Rancho OGA is fair to moderate. However, our results reveal a
higher level of agreement for three of the four variables examined in Greenburg’s study.
Our study also found a greater percentage of both moderate and substantial agreements
between Rancho OGA and computerized 3-D gait analysis than Greenburg and
associates’ study.
There are several possible explanations for the stronger validity results in our
study as compared to Greenburg’s study. The three raters in the current study
participated in extensive training of Rancho OGA. Although the six raters in
Greenburg’s study were gait instructors experienced in OGA, the abstract does not
specify what OGA tool the instructors taught and if any time was spent in formal Rancho
OGA training.

Additionally, in our study OGA was performed utilizing videotaped gait

records of subjects in slow motion. In Greenburg’s study OGA was performed on
subjects ambulating at normal speed. Furthermore, the subjects in our study were all
children with spastic CP. Whereas Greenburg et al utilized a heterogeneous sample
which may have lowered the validity results because raters were required to determine
deviations horn normal in patients with and without various pathologies. Lastly, the

raters in Greenburg’s study did not analyze the same gait trial for both OGA and 3-D
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quantitative gait analysis measures from Vicon and foot switch data. Our study
controlled for this potential threat to validity by analyzing the same representative gait
cycle for both OGA and 3-D gait analysis.
The joints and the functional phases that were below the acceptable level of
validity in our study include the hip and ankle in WA, and the hip in SLS. Various
individual gait deviations were also a problem for individual raters at the ankle, knee, and
hip, especially the ankle in dorsiflexion.
Possible threats to the validity of Rancho OGA in our study include rater bias,
methodology, complexity of the ankle joint, the angle at which videotaped recording
were taken relative to the foot, and data analysis and interpretation. Raters may have
been biased by the subjects' pathology, spastic CP, when performing Rancho OGA
expecting to see certain characteristic gait deviations that actually were not present.
Some results from this study support this hypothesis. Overall, 3-D gait analysis identifies
more gait deviations than OGA as shown in Table 4.27a and Table 4.27b, Appendix O.
However, for excess hip flexion in loading response (LR), 28 of the disagreements
occurred when raters determined a deviation was present but 3-D gait analysis
determined the joint motion as normal. Whereas, eighteen of the disagreements occurred
when raters did not observe this hip deviation, but 3-D gait analysis determined a
deviation as present Another example is excess dorsiflexion in terminal stance (TSt).
For this variable 19 of the disagreements occurred when raters determined a deviation
was present but 3-D gait analysis found normal joint motion. Conversely, only eight of
the disagreements occurred when raters did not detect deviations that 3-D gait analysis

identified. Therefore, rater bias due to the subjects' pathology may be one of the
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confounding 6ctors resulting in the weak concurrent validity of excessive hip flexion in
LR, which was the only variable used to examine the hip in WA in this study, and excess
dorsiflexion in TSt.
Additionally, a threat to the validity of Rancho OGA was the equipment as well
as the clothing worn by the children during the gait analysis testing that impeded the view
of the hip joint during ambulation. This point has already been thoroughly discussed
under the discussion section for inter-rater reliability.
Other inter-rater reliability discussion points are the complexity of the ankle joint
and the angle that videotaped recordings were taken relative to plane of the subjects'
ankle joint motion. These factors made accurate evaluations of talocrural joint motion
challenging which may have lowered the validity results at the ankle.
Discrepancies were evident between the normative kinematic databases for
Rancho OGA and computerized 3-D gait analysis. These discrepancies may be a factor
in the lower validity results at the hip and ankle. As explained in the concurrent validity
procedures section of Chapter 3, the normative databases of Rancho OGA and
computerized 3-D gait analysis are utilized to determine if a gait deviation at the ankle,
knee or hip is present or absent. Therefore, a portion of the disagreements between the
raters and the computer may be a result of the discrepancies between normative databases
rather than a true disagreement regarding the presence or absence of gait deviations. For
example, a rater through observation may determine a subject has 30 degrees of hip
flexion in loading response. According to the normative database of Rancho OGA,
normal hip flexion in loading response is 25 degrees. Consequently, the rater would

detennine excess hip flexion in loading response is present. However, hip flexion in
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loading response ranges from ~ 22 to 40 degrees according to CHKS's normative
database^. Excess hip flexion in loading response therefore is not present according to
computerized 3-D gait analysis. The discrepancy between the normative databases of
Rancho OGA and computerized 3-D gait analysis may account for the some o f the
dis^reements between the raters and the computer.
Lastly, both student raters 2 & 3 had higher mean Kappa and percent agreement
values for intra-rater and inter-rater reliability and concurrent validity than the master
clinician, rater 1(Table 4.1 - 4.6, Appendix J & K). Possible explanations for these
results include rater training and sample size. The student raters spent almost three times
as much time in rater training as the master clinician which may be a reason for the
student raters' higher results. This finding emphasizes the importance of rater training to
obtain reliable and valid information from Rancho OGA. In addition, the student raters
may have obtained higher reliability and validity results because their sample size was
twice as large.
Limitations of the Studv
The limitations of our study involve the sample, rater training, methodology of the
study, and acquisition and interpretation of data. The limitations will be discussed in that
order.
Sample
The sample size of the study was small. A larger sample size would increase the
distribution of "yes" and "no" responses, which then could increase the accuracy of the
Kappa statistic. The strength and accuracy of the Kappa statistic is dependent upon the

distribution of “yes” and “no” responses. The greater the distribution of “yes” and
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“no” responses, the stronger the Kappa statistic is. An inaccurate or weak Kappa results
when the distribution of “yes” and “no” responses is smaller, because a high proportion
of the agreements are then expected by chance. The sample cohort for this study was a
sample of convenience rather than a random sample, which may have introduced
sampling bias. In addition, the results of this study are limited in its application to
children with spastic CP. Rancho OGA is applicable to numerous diagnoses including,
but not limited to amputation, traumatic brain injury, stroke, and post-polio, as well as to
a wide variety of ambulatory populations ranging &om pediatrics to geriatrics \
Application of this study’s results is also limited to the pediatric population because gait
patterns vary across the lifespan. The researchers selected children with spastic CP as
their sample cohort because Rancho OGA is commonly used to assess gait impairments
in this clinical population. Furthermore, the subjects who were included in this study
may only be representative of children with CP who are typically seen in gait
laboratories.
Rater Training
The raters who participated in this study received extensive training, especially
the student raters. The extent of training that the raters received may be both a strength
and limitation of this study. The rater training for this study had significantly greater
depth than the training received by other raters in previous studies that examined Rancho
OGA^^*^. Rater training for this study included definition of gait cycle subphases,
review of normal limb motion within each subphase, definition of gait variables
examined in this study, and extensive practice with Rancho OGA utilizing videotaped

gait records. Although the raters o f this study had completed several hours in the
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above training, the researchers believe that insufhcient time may have been spent
operationally defining the gait deviations that they analyzed. Craik and Oatis
recommended that rater training include the fine-tuning of operational definitions of gait
deviations among raters to improve the repeatability of visual observations^^.
Establishing operational definitions for gait deviations to be observed would enhance
agreement among raters regarding visual template for normal gait patterns and joint
motions, as well as gait deviations. Increased time spent on operationally defining gait
deviations among raters may have increased the inter-rater reliability results.
Rater training also included completion of an examination provided by the
physical therapy staff of the Rancho Los Amigos Medical Center Pathokinesiology
Laboratory (RLAMC). The purpose of the examination was to ensure that all three raters
had an adequate level of understanding and competency utilizing Rancho OGA prior to
the study. However, the researchers questioned whether or not the examination was an
accurate reflection of the raters’ ability to perform Rancho OGA as required for this
completed study because the requirements established by RLAMC to successfully
complete the examination were very different firom the Rancho OGA procedures
employed in this study. The differences between the examination and the procedures for
this study have been thoroughly explained in chapter three on page 40. Regardless of the
differences, each rater completed the examination and scored below the standard
established by RLAMC, which was 100%, as well as the standard set by the researchers,
which was 85%, for each rater to achieve on the examination. It is possible that the
results of intra-rater and inter-rater reliability and concurrent validity of Rancho OGA

may have been stronger if all three raters passed the Rancho OGA competency
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examination. However, the researchers decided to continue with the study because they
believed that the differences between the requirements to perform Rancho OGA for the
examination and the study were different Consequently, the results of the examination
would not be an accurate reflection of the raters’ ability or perform Rancho OGA as
needed in this current study.
Another limitation regarding rater training involves the previous training and
experience of the master clinician, rater 1. Rancho OGA’s operational definitions of gait
deviations were at times different than the clinician’s operational definitions of the same
gait deviations. For example, the clinician defined knee hyperextension as a forceful
movement of the knee into extension during WA, SLS or SLA phases, which is Rancho
OGA’s definition of knee extension thrust Rancho OGA defines knee hyperextension as
extension of the knee beyond neutral. These differences in operational definitions may
have confounded the raters’ judgements regarding the presence of gait deviations on
Rancho OGA. Rater 1 also expressed difficulty focusing on motion occurring at a single
joint in one plane of motion as was required in the standardized procedures for Rancho
OGA. Patla et al*** reported that the majority of experienced clinicians, using an
individualized approach, evaluate multiple joints in multiple planes simultaneously'*^.
Some experienced clinicians therefore, may have difficulty switching their OGA
approach to the systematic method required for Rancho OGA. Nevertheless, Rancho
OGA's systematic approach prevents the missing of subtle gait deviations, and focuses
the rater on clinically relevant gait variables as indicated on the Rancho Gait Analysis

Full Body Form

17

(See literature review for an explanation o f how to use the Rancho
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Gait Analysis Full Body Form).
Inexperience of the two student physical therapist (SPT) raters in assessing
neurologic gait may have been a confounding factor in the intra-rater and inter-rater
reliability and concurrent validity of Rancho OGA. The researchers of this completed
study initially thought that because the SPT raters lacked experience in OGA of
neurologic pediatric gait apart from their training in Rancho OGA, the students may be
less likely to consistently identify gait deviations present in children with spastic CP as
opposed to raters with experience in neurologic gait evaluation. However, this study’s
findings dispute this assumption, most likely because the SPTs’ participated in extensive
Rancho OGA training which had been initially implemented to minimize the efiects of
this limitation.
Methodology
The raters analyzed both lower extremities of some subjects, which may have led
the raters to be bias with the analysis of the second limb. Although some subjects had
very different gait patterns for each lower extremity, the gait pattern of some subjects
varied very little between limbs. This potential bias may be a limitation for some o f the
results of this study.
A potential limitation of the methodology utilized in this study is that the
videotaped gait records were examined utiliz in g videotaped slow motion analysis.
Clinical use of OGA typically is conducted at normal speed while the patient ambulates
in the clinic and typically without the use of camcorders to record the patient’s gait. It is
an uncommon clinical practice for therapists to have the time, equipment or space in the

clinic to utilize videotaped OGA methods. The results o f this study are limited in its
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application to clinics where videotaped OGA is implemented. Reliability and validity of
Rancho OGA may not be as strong without the use of videotaped gait records.
Another limitation of using videotaped recording for gait assessment is that it may
lead to inaccurate joint angle assessments if the limb is not viewed firom the correct
angle^. The researchers recognized this problem with one subject, where it appeared as
though the subject had excessive external tibial torsion, which then caused the foot to be
aligned more towards the coronal plane than the sagittal plane. Therefore, since the rater
was not able to readily view the sagittal plane joint motion secondary to limb alignment,
the rater was placed at a disadvantage for the observation of the true sagittal plane ankle
joint motion, thus impairing the judgement of the rater. Nevertheless, the procedure for
videotape recording of gait in a gait laboratory setting is a more standardized approach to
OGA of videotaped gait records than the utilization of videotaped gait records obtained
within the clinic. The video cameras within gait laboratories or more specifically, within
the Center for Human Kinetic Studies (CHKS), are strategically placed in standardized
locations in the gait laboratory. These standardized locations take into account the
optimal camera positions for recording sagittal, coronal and/or transverse plane motion,
as well as standardizing the distance between the video camera and the patient to control
for the camera to subject angle. Clinical settings typically can not afford these luxuries
such as standardized locations for optimal videotaped recordings since space for
videotaping patients’ gait is often limited. Therefore, gait records taken in the clinic may
be more difficult to analyze true joint motion in the sagittal, coronal, and/or transverse
planes.

Another limitation of this study's methodology was the standard equipment
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used as well as the ambulatory assistance the subject received during the computerized 3D gait analysis procedures. The equipment and at times the assistive device used during
the gait analysis at the CHKS gait laboratory interfered with visual analysis of the
videotaped gait records. Equipment such as limb segment markers, electrodes and wires
were placed on each subject so that EMG and kinematic analysis could be done through
computerized 3-D gait analysis. However, this equipment and the clothing worn by the
children during a gait test, impeded the raters ability to clearly view joint motion,
especially at the hip during WA and SLS. Raters also found that it was difScult to
analyze the gait of the subject who ambulated with a reverse rolling walker because the
walker impeded the raters’ view of the subject’s joint motion. Eight of the 31 subjects
ambulated with hand-held support during the gait test This type of ambulatory
assistance consequently lessened the subjects’ fluidity of movements during ambulation,
increasing the difficulty for the rater to identify the progression of the subject's gait
through the eight subphases of the gait cycle.
Data Acquisition and Interpretation
A limitation of the acquisition and interpretation of data for this study is in
regards to the normative databases that were used to compare the subjects’ gait. While
performing Rancho OGA, the raters compared the subjects’ gait to the normative joint
motion database established by the Rancho Los Amigos Medical Center
Pathokinesiology Laboratory. However, during the graphical analysis the researchers
compared the subjects’ graphical joint motion data to the normative pediatric joint motion
database established by the Center for Human Kinetic Studies (CHKS)“ . An example of

the discrepancy between the Rancho OGA and CHKS databases is given in the
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concurrent validity section of this chapter. The discrepancy of these two databases may
weaken the results of the concurrent validity o f Rancho OGA because the results may
show lack of agreement between OGA and computerized 3-D gait analysis. The lack of
agreement may be due to the discrepancy between the databases rather than an actual
discrepancy between the raters’ assessments of joint motion and 3-D gait analysis
assessments of joint motion.
Another limitation was related to the procedures used to interpret the
computerized 3-D gait analysis graphed joint motion data firom continuous to nominal
data. This interpretation was a visual analysis measure based on the rater's professional
judgment as to whether or not the subject’s gait data fell within or outside the normative
data ranges. The interpretation of the presence or absence of a particular gait deviation,
therefore, had a subjective element. The researchers attempted to control for this element
by operationally defining when a gait deviation was present and by use of a transparency
of normal gait data superimposed on a subject’s data. Superimposing the normative gait
data on to the subject’s data accounted for differences in percent time the subject spent in
different phases of the gait cycle.
The temporal distance (TD) measures indicating the first and second periods of
double limb support were used to determine the percent of the gait cycle that the subject
spent in loading response and preswing respectively. These TD measures were taken in
the gait laboratory after the subject completed gait testing and were not taken firom the
representative gait cycle used for graphic kinematic analysis. These TD measures,
therefore, may differ firom the actual double limb support measures in the representative

gait cycle. Furthermore, Wien TD measures were not included in a subject's gait
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records, an equation (See Concurrent Validity in Chapter 3) based on the time an
individual with normal gait spent in each gait cycle subphase was used to determine the
subject's gait cycle subphases. This is a significant limitation to this study because
patients with neurological disorders tend to have variability across gait trials and the
amount of time they spend in each gait cycle subphase during ambulation may be very
different from that of normal gait. Therefore, dividing the subjects’ gait cycle subphases
up based on normal gait cycle subphase times may lead to an inaccurate determination of
the time that the subject spent in each gait cycle subphase. The researchers attempted to
control for this inaccurate calculation of the subjects' subphase percentages by basing the
calculations on the TD measures if they were included in the gait records. Though the
TD were average measures and not the true TD measures of the representative gait cycle,
these measures were more accurate to base the subject's subphase percentage calculations
on as opposed to normal gait cycle subphase percentages.
Calculating the mean Kappa statistic for the three functional phases of gait may
have limited the results of the reliability and validity of Rancho OGA. A mean of
individual Kappa statistics was calculated to determine the intra-rater and inter-rater
reliability and validity of raters at each joint in the three functional phases of gait to
enhance the clinical relevance of our results. However, included in the average of
individual Kappa statistic values are accurate and inaccurate Kappa statistic values. As
explained previously in Chapter 4, inaccurate Kappa statistic values are a result of the
poor distribution of “yes” and “no” responses in the data obtained for this current study.
Since inaccurate Kappa statistic values are averaged with accurate values, the mean

Kappa statistics may be an underestimation of the concurrent validity o f Rancho OGA.
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This is evidenced by comparisons made between percentage of mean Kappa statistics and
percentage of individual Kappa statistics in each category, poor, slight, fair, moderate,
substantial, and almost perfect, (Table 4.25 & 4.26, Appendix N). For example, these
comparisons reveal that the majority of values for concurrent validity were fair (37%)
when based on the mean Kappa statistic; however, the majority of values were substantial
(32%) when based on the individual Kappa statistic. Therefore, although analyzing the
data obtained in our study in the three functional phases of gait is clinically relevant, this
may be an underestimation of the reliability and validity of Rancho OGA.
The last limitation pertains to the use of percent agreement. The researchers
established an acceptable level of agreement for percent agreement for this study based
on their own professional judgement. The researchers decided upon a level of agreement
because there is no scale in the literature that neither defines strength of agreement nor
states an acceptable level of agreement for percent agreement In addition, percent
agreement is an overestimation of the actual percent agreement because it does not take
into account the proportion of agreements that could have occurred by chance. The
researchers attempted to control for this limitation by utilizing percent agreement in
conjxmction with the Kappa statistic. The Kappa statistic is a chance corrected measure
and therefore provides a stronger measure than percent agreement. However, as
demonstrated in this study, the Kappa statistic can be an inaccurate measure if the
distribution of "yes" and "no" responses is small (See Kappa Statistic and Percent
Agreement in Chapter 4). Therefore, the researchers decided to use both the Kappa
statistic and the percent agreement to examine reliability and validity in order to

detennine the representative measure of agreement It was because there was the
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potential for the Kappa statistic to yield inaccurate measures as in the above conditions,
that the researchers selected both the Kappa statistic and percent agreement to provide
measures of agreement for this study.
Suggestions for Future Research
Further research is needed to examine the reliability and validity of Rancho OGA.
Replication of the current study with a larger sample size would give a more accurate
picture of the intra-rater and inter-rater reliability, as well as the concurrent validity of
Rancho OGA. Selection of a more heterogeneous sample may generate a more equal
distribution of "yes" and “no” responses for each gait deviation examined. This is
significant because the Kappa statistic is stronger when there is a greater distribution of
“yes” and “no” responses while the Kappa statistic tends to be weaker when there is a
smaller distribution of these same responses. Selection of a more heterogeneous sample
would also allow the results of the study to be generalized to populations other than
children with spastic CP. Future studies may also include a larger number of raters with
more diverse experience and training to determine if the reliability and validity of Rancho
OGA is dependent upon the amount of training in Rancho OGA or the clinical experience
and skills of the clinician.
Future studies exam ining inter-rater reliability of Rancho O G A should also
emphasize that the operational definitions of the gait deviations being examined be
established between the raters before starting the study. Establishing operational
definitions between raters should strengthen inter-rater reliability results. Future research
examining the concurrent validity of Rancho O G A should control for the amount of

equipment and clothing covering the hip joint Implementing this control should
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improve the accuracy of the OGA observations made at the hip because the rater’s view
of hip joint motion will not be impeded.
Future research needs to be expanded to the examination of the reliability and
validity of O G A of the trunk, pelvis, and toes as well as joint motion in the coronal and
transverse planes to provide a more comprehensive analysis of the validity and reliability
of this tool. The majority o f past research has «cammed the validity and reliability of
sagittal plane observations o f joint motion, whereas, very little research examining O G A
of joint motion in the coronal and transverse planes has been completed. In reality,
clinicians perform OGA of joint motion in all three planes of motion in the clinic.
Future studies should examine the reliability and validity of the utilization of
Rancho OGA at normal speed in comparison to videotaped analysis in slow motion.
Because of time, equipment or space constraints in most clinics, clinicians perform OGA
while the patient is at the clinic and usually without the use of videotape recordings of the
patient’s gait. However, some clinics and gait laboratories choose to perform OGA of
videotaped gait records. Therefore, it would be clinically applicable to both settings to
compare the reliability and validity of Rancho OGA at normal speed versus analysis of
videotaped gait records in slow motion. Future research should also examine the
relationship between gait impairment as measured by Rancho OGA and gait disability as
measured by functional outcome tools, which are readily available for clinical use.
Examining the relationship between the two tools may be another method of exam ining
the validity of Rancho OGA.
It would be interesting to examine inter-rater reliability and concurrent validity of

Rancho OGA based on the second set of observations as opposed to the initial set of
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observations as performed in this completed study. If the reliability and validity of
Rancho OGA were higher when based on the second set of rater observations, it may
indicate that repeated observations of an individual’s gait pattern may be necessary to
obtain more reliable and accurate information about their gait.
Clinical Implications

Rancho OGA is a tool that can be utilized in the clinic and in gait analysis
laboratories to guide the analysis of videotaped gait records and to identify gait
deviations at the ankle, knee and hip in the sagittal plane in children with spastic cerebral
palsy (CP). In the functional phases of gait and joints where Rancho OGA has an
acceptable level of reliability and validity, such as the hip in SLA, the knee in WA, SLS
and SLA, and the ankle in SLS and SLA, this tool can be utilized to accurately evaluate
gait patterns to determine where to target interventions for gait dysfunction and thus
minimize disability in children with CP. Clinicians are advised to take caution with
making treatment decisions based on sagittal plane observations made at the hip in WA
and SLS, and the ankle in WA because based on our study’s findings the hip and ankle
have low levels of validity in these functional phases of gait. When using Rancho OGA
in the clinic, the validity of the OGA tool may be improved by using slow motion
analysis of videotaped recordings of the patient’s gait, training clinicians extensively in
Rancho OGA, establishing operational definitions of the gait variables being examined
among clinicians, and minimiTing the amount of clothing worn by the patient to permit a
clear view of motion at each joint.

Various clinicians such as physicians, physical therapists, prosthetists, and
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orthotists can utilize the data obtained from Rancho OGA to make decisions regarding
treatment interventions, selection of orthotic and assistive devices, and to assess
treatment outcomes. Rancho OGA must be used only as an adjimct measure to other
tests, such as a comprehensive clinical/physical examination, functional assessments and
computerized 3-D gait analysis to provide rehabilitative, medical, pharmacological, or
surgical recommendations, as well as to measure surgical outcomes for children with
spastic CP. In many clinical settings, computerized 3-D gait analysis is not available and
Rancho OGA is a moderately valid alternative tool to examine gait dysfunction in the
sagittal plane.
Intra-rater reliability of Rancho OGA is high and would therefore, be an
appropriate tool for a clinician to use to analyze a patient's gait prior to application of
treatment interventions, as well as at subsequent intervals to objectively document
changes in the patient's gait pattern. Because the intra-rater reliability of Rancho OGA is
high, utilization of this tool may ensure that if changes in the patient’s OGA findings are
present, the clinician may conclude that the changes could be due to the interventions
applied rather than due to an unreliable OGA tool. Inter-rater reliability of Rancho OGA
varied across joints and functional phases in our study, and therefore varies in its
application to clinical use. Based on our findings. Rancho OGA is a reliable tool for
evaluation o f gait dysfunction at the hip in SLA, at the knee in all functional phases, and
at the ankle in WA and SLA. When using Rancho OGA in the clinic, the inter-rater
reliability o f the tool may be improved by opfimbdng the positions assumed by the

clinician and the patient during OGA so that the clinician has a clear observation of
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significant joint motion as it occurs in the sagittal, coronal, and transverse planes.
Effective utilization of Rancho OGA for the analysis of videotaped gait records of
children with spastic CP requires extensive training and practice. Clinicians may receive
training in Rancho OGA through continuing education courses. The Rancho OGA
courses provide the clinician with the complete details of performing Rancho OGA, but it
is the clinician's responsibility to become proficient in the utilization of Rancho OGA.
Though Rancho OGA training and utilization is time intensive, it is a well developed
systematic approach to OGA that is appropriate for a variety of clinical populations such
as CP, amputation, stroke, spinal cord injiny, and traumatic brain injury. The advantages
of utilizing Rancho OGA in the clinic is that it is a low cost, comprehensive and
standardized approach to OGA that guides the clinician through an extensive pre
treatment and post-treatment gait assessment, as well as guides the clinician with
formulating appropriate therapeutic plans that address a patient’s gait dysfimction.
However, based on the results of this study, utilization of Rancho OGA for evaluation of
sagittal plane ankle, knee, and hip joint motion does not outweigh the value nor accuracy
of a comprehensive gait analysis such as computerized 3-D gait analysis.
Conclusions
The results of our study suggest that with extensive training in Rancho OGA,
intra-rater reliability of Rancho OGA is moderate to substantial, and inter-rater reliability
is fair to moderate at the ankle, knee, and hip in the sagittal plane when analyzing
videotaped gait records of children with spastic CP. Additionally, fair to moderate
concurrent validity of Rancho OGA was found in comparison to computerized 3-D gait

analysis at the ankle, knee, and hip in the sagittal plane when analyzing videotaped gait
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records of children with spastic CP. The m ajori^ of mean Kappa statistic and percent
agreement values for intra-rater and inter-rater reliability and concurrent validity of
Rancho OGA were strongest at the knee, then the ankle and then the hip. The inter-rater
reliability and concurrent validity of Rancho OGA was found to be strongest in SLA.
Joints and functional phases that did not reach the acceptable level of agreement include
the hip during WA and SLS for both inter-rater reliability and concurrent validity, the
ankle during SLS for inter-rater reliability, and the ankle during WA for concurrent
validity. Rancho OGA is a fair to moderately reliable and valid tool that can be utilized
in the clinic to guide treatment interventions and as an adjunct measure with
computerized 3-D gait analysis to make rehabilitative and surgical recommendations.
Rancho OGA is also a reliable tool to monitor treatment progress and assess treatment
outcomes. Our study should be expanded to include the analysis of gait variables in the
coronal and transverse planes, as well as the trunk, pelvis and toes, which are all included
in Rancho OGA.
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Appendix A
Rancho Los Amigos Gait Analysis: Full Body Form
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Appendix B
Rancho Los Amigos Normative Ankle
Joint Motion, Torque Demand and Muscle Action Data
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Appendix C
Rancho Los Amigos Normative Knee
Joint Motion, Torque Demand and Muscle Action Data
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Appendix D
Rancho Los Amigos Normative Hip
Joint Motion, Torque Demand and Muscle Action Data
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Appendix E

Chart Review Form

Examiner Initials:
Subject Identification Number________________ Gait Trial Analyzed:_
Diagnosis: R /L

Hemiplegic

Limb Analyzed: Right Left

Gait Data Analyzed is:
Ambulatory Status:

Diplegic

Quadriplegic

Sex: M F

Preoperative
Indep.

Age:___

Postoperative

SBA

CG

Min A

With/Without Assistive Device (AD)
AD used in Gait Analysis:

Hand-Held Support

Loflstrand Crutches

Standard Walker

Crutches

Wheeled Walker

Cane

Other (Please Specify)__________________
Orthotics used by Subject:

AFO

KAFO

TKAFO

Limb on which Orthotic is worn: Right Left
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Appendix F
Joint Motion Normalized to Percent Gait Cycle
Graphs of the Representative Gait Cycle
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Appendix G
MARY FREE BED HOSPITAL & REHABILITATION
CENTER FOR HUMAN KINETIC STUDIES AMBULATORY CARE CONSENT FORM
I certify that the initials_______are my own and that they will constitute my legal and binding signature
for the purpose o f this form.
Date

Patient or Representative

Relationship
ADMISSION CONSENT

I ______________________________________ have had the following consents, releases and
authorizations explained to me. My signature/initials indicate my approval for each item as a patient at the
Center for Human Kinetic Studies (hearafter CHKS).
Knowing that I have a condition requiring ambulatory care, I do hereby volimtarily consent to such
evaluation procedures by CHKS as is deemed necessary or advisable by
Dr.____________________________ , his/her assistants or his/her designees.
I am aware that the practice of rehabilitation medicine and surgery is not an exact science, and I
acknowledge that no guarantees have been made to me as to the results of said ambulatory care and
medical/surgical treatment which I hav hereby authorized.
During my ambulatory care, I consent to being attended by interns, residents, student nurses, laboratory,
radiology, allied health professionals and other technicians and students.
I am hereby notified pursuant to Michigan law that as a patient o f this facility, I may be tested for the
presence of HIV or an HIV antibody without my consent if any health professional or other health facility
employee sustains a percutaneous, mucous membrane, or open wound exposure to my blood or other body
fluids. This test is permitted by Michigan law and is for my protection as well as the protection o f the
physicians, nurses, and other employees o f the CHKS.
This form has been fully explained, and I certify that I understand its contents.
Initials:

_______

FINANCIAL RECORDS AUTHORIZATION AND INSURANCE ASSIGNMENT OF BENEFITS
In consideration for services and supplies to be rendered, the undersigned agrees to pay Mary Free Bed
Hospital (hereafter MFBH) for such services and supplies in accordance with its regular rates and charges
at the time such services and supplies were rendered This account is due upon receipt of billing. If this
account is delinquent, the undersigned agrees to pay all expenses including, but not limited to, court costs
and actual attorney fees incurred by MFBH in collecting said account. The undersigned also agrees to
assign to MFBH any right or cause o f action the imdersigned may have against any third person to collect
and recover for the expense of this account
The undersigned authorizes MFBH to release any financial information from this record for payment of
account by any insurance company or any employer and audiorizes any and all insurance companies to pay
directly to MTOH liability and/or medic^ coverage insurance proceeds for all services and supplies
rendered by CHKS/MFBH for this episode of care. I understand that I am financially responsible to MFBH
for all services and supplies not covered by die liability and/or medical coverage insurance.
Initials: _______
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Appendix G
MARY FREE BED HOSPITAL & REHABILITATION CENTER
CENTER FOR HUMAN iONETIC STUDIES AMBULATORY CARE CONSENT FORM
FINANCIAL RECORDS AUTHORIZATION
The undersigned authorizes the CHKS to obtain any and all financial records that may be associated with
medical, surgical and/or rehabilitative treatment following the gait analysis and treatment affected by the
results o f the gait study. This information may be obtained from hospitals, physicians’ offices,
rehabilitation specialists’ ofBces and/or other agencies. I understand that this information will be used for
an ongoing Cost Effectiveness Project, which is being conducted by the CHKS. The CHKS has informed
me o f the reasons for this project I imderstand than any information that the CHKS obtains about me will
be used in strict confidence, that is, my name will be removed from any docmnents generated by the
CHKS. This authorization may be revoked in writing by me at any time, but not retroactive to release o f
information made in good foidt Unless revoked by me, dûs authorizadon will expire one year from
today’s date.
Initials:
MEDICAL RECORDS AUTHORIZATION
The undersigned authorizes MFBH to release any medical information which may include mental health
and social woric records and information pertaiiting to substance abuse, HIV, AIDS, and ARC from this
record (unless specfically excluded by patient) for continuing care needs or payment of account by any
insurance company or any employer.
This authorization my be revoked by me at any time, but not retroactive to release of information made in
good faith. Unless revoked by me, this authorization will expire one year from today’s date.
Iiutials:
SPECIAL RELEASE FOR AUDIO-VISUAL MATERIAL
I hereby give permission to the CHKS/MFBH to use material in the form of photographs, movies, slides,
videotape, recordings, or interviews for an indefiiûte period of time unless specified. It is my
understanding that my signature releases the CHKS/MFBH from any financial or legal responsibility for
the use o f this audio-visual material.
Iiu tials:________

AUTHORIZATION FOR DISCLOSURE OF INFORMATION FROM SCHOOLS
I hereby authorize my school records to be released to the CHKS/MFBH. This release is for both academic
information and psychological testing. This authorization may be revoked by me at any time, but not
retroactive to release of information made in good faith. Unless revoked by me, this authorization will
expire one year from today’s date.
Iiutials:

Appendix H
Center for Human Kinetic Studies Laboratory Layout
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Appendix I
Computerized 3-D Gait Analysis Data Aquisition Form

Researcher Initials:
Subject ID Number:

Date of Gait Analysis Test: _

Gait Trial Examined:

Limb Analyzed: Right Left

Subject Stance Phase Percentage: __
Subject Swing Phase Percentage: __
First Double Limb Support Time: _
Second Double Limb Support Time:

LR
Normal Subphase Percentages
Normal Subphase to Stance Phase
Ratio
Subject Suhphase Percentages
Percentage of the Gait Cycle at
which the Subject Suhphase Ends
Percentage of the Gait Cycle at
which the Normal Suhphase Ends

PSw ISw

MSw

TSw

12

19

19

12

13

12

13

.194

306

306

.194

.342

.316

342

12

31

50

62

75

87

100

Gait Deviation

Ankle

MSt TSt

Limited Flexion
Excess Flexion
Inadequate Extension
Limited Flexion
Excess Flexion
Inadequate Extension
Hyperextension
Excess Piantarflexion
Excess Dorsmexion
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Appendix J
Tables 4.1 through 4.4
Intra-Rater and Inter-Rater Reliability
Mean Kappa Statistic and Percent Agreement Values
For the 26 Rancho OGA Gait Variables
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Table 4.1 Intra-Rater Reliability: Kappa Statistic Values for 26 Rancho OGA Gait
Variables
Joint
Hip

Gait Deviation

Limited Flexion Initial Swing
Limited Flexion Midswing
Limited Flexion Terminal Swing
Excess Flexion Loading Response
Inadequate Extension Midstance
Inadequate Extension Terminal Stance
Knee
Limited Flexion Preswing
Limited Flexion Initial Swing
Excess Flexion Loading Response
Inadequate Extension M idstance
Inadequate Extension Terminal Stance
Inadequate Extension Terminal Swing
Hyperextension Loading Response
Hyperextension M idstance
Hyperextension Terminal Stance
Hyperextension Preswing
Ankle Excess Piantarflexion Loading Response
Excess Piantarflexion M idstance
Excess Piantarflexion Terminal Stance
Excess Piantarflexion Initial Swing
Excess Piantarflexion M idswing
Excess Piantarflexion Terminal Swing
Excess Dorsiflexion Loading Response
Excess Dorsiflexion Midstance
Excess Dorsiflexion Terminal Stance
Excess Dorsiflexion Preswing
Average o f the 26 variables
* = acceptable level of reliabiliQr

Rater I

R ater 2

Rater 3

(1^25)

(n=51)

(n=51)

-.042
.648*
.648*
.598*
.407*
.840*
.595*
.522*
286
.635*
.746*
0
0
0
-.056
0
1.00*
.834*
.702*
.651*

234
.546*
291
.682*
.502*
.659*
.768*
.409*
.687*
.842*
.844*
.557*
0
0
-.027
0
.929*
.676*
.755*
.682*
.684*
.450*
.710*
.446*
.674*
.749*
.533*

.779*
-.030
297
.691*
.659*
.691*
.902*
.636*
.613*
.739
.804*
1.00*
1.00*
1.00*
0
0
.922*
.803*
.947*
.811*
.737*
.839*
.606*
.693*
.422*
.561*
.659*

B

.434*
.598*
.682*
.590*
.561*
.471*

= the vanable is below the acceptable level of reliability based on
both the Kappa statistic and percent agreement
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Table 4.2 Intra-Rater Reliability: Percent Agreement Values for 26 Rancho OGA
Gait Variables
Joint
Hip

Knee

Ankle

G ait Deviation
Limited Flexion Initial Swing
Limited Flexion Midswing
Limited Flexion Terminal Swing
Excess Flexion Loading Response
Inadequate Extension M idstance
Inadequate Extension Terminal Stance
Limited Flexion Preswing
Limited Flexion Initial Swing
Excess Flexion Loading Response
Inadequate Extension Midstance
Inadequate Extension Terminal Stance
Inadequate Extension Terminal Swing
Hyperextension Loading Response
Hyperextension Midstance
Hyperextension Terminal Stance
Hyperextension Preswing
Excess Piantarflexion Loading Response
Excess Piantarflexion M idstance
Excess Piantarflexion Terminal Stance
Excess Piantarflexion Initial Swing
Excess Piantarflexion Midswing
Excess Piantarflexion Term inal Swing
Excess Dorsiflexion Loading Response
Excess Dorsiflexion M idstance
Excess Dorsiflexion Terminal Stance
Excess Dorsiflexion Preswing
Average o f the 26 variables

Rater 1

Rater 2

Rater 3

(n=25)
92*

(ir=51)

(ip=51)

96*
96*
80*
72
92*
88*
76
84*
84*
88*
100*
100*
92*
88*
100*
100*
96*
92*
88*
■
72
80*
84*
80*
84*
87*

90*
94*
90*
84*
84*
84*
90*
84*
86*
92*
92*
92*
100*
96*
94*
100*
98*
86*
88*
84*
84*
73
86*
78
88*
90*
89*

96*
92*
92*
88*
84*
88*
96*
84*
82*
88*
90*
100*
100*
100*
98*
100*
98*
92*
98*
96*
88*
92*
80*
88*
80*
88*
91*

(SD = ± 1.85)

(S D = ± 1 ^ )

(S D = il^ 8 )

* = acceptable level of reliabili^
= the vamble is below the acceptable level of reliability based on both the Kappa
statistic and percent agreement
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Table 43 Inter-Rater Reliability: Kappa Statistic Values for 26 Rancho OGA Gait
Variables
Joint

Hip

Gait Deviation

Limited Flexion Initial Swing
Limited Flexion Midswing
Limited Flexion Terminal Swing
Excess Flexion Loading Response
Inadequate Extension Midstance
Inadequate Extension Terminal Stance
Knee
Limited Flexion Preswing
Limited Flexion Initial Swing
Excess Flexion Loading Response
Inadequate Extension Midstance
Inadequate Extension Terminal Stance
Inadequate Extension Terminal Swing
Hyperextension Loading Response
Hyperextension Midstance
Hyperextension Terminal Stance
Hyperextension Preswing
Ankle Excess Piantarflexion Loading Response
Excess Piantarflexion Midstance
Excess Piantarflexion Terminal Stance
Excess Piantarflexion Initial Swing
Excess Piantarflexion Midswing
Excess Piantarflexion Terminal Swing
Excess Dorsiflexion Loading Response
Excess Dorsiflexion Midstance
Excess Dorsiflexion Terminal Stance
Excess Dorsiflexion Preswing
Average o f the 26 variables
* = acceptable level o f reliability

R ater 1 (if=25)
&
R ater 2 (n=5i)
1.00*
.468*
.468*

Hi
ffll
.429*
■
.595*
.684*
.754*
0
0
0
0
0
1.00*
.519*
HR

.525*
.522*
.426*

m
.573*
.391

Rater 1 (n=25)
&
RaterS (n=5l)
-.056
0
0

m

.655*
.451*
.324
.468*
.412*
.746*
.500*
0
0
0
0
0
1.00*
.519*
.505*
.412*
.479*
.757*
HQ
.503*
.468*
.882*
.362

Rater 2 (n=51)
&
Rater 3 (n=5l)
.338
-.034
.243
.427*
.493*
.529*
.583*
.432*
.768*
.581*
.687*
.311
0
.480*
0
0
1.00*
.759*
.628*
.691*
.764*
.614*
.509*
.523*
.658*
.471*

= the vanable is below the acceptable level of reliability based on
both the Kappa statistic and percent agreement
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Table 4.4 Inter-Rater Reliability: Percent Agreement Values for 26 Rancho OGA
Gait Variables
Joint

G ait Deviation

Hip

Lim ited F le d o n Initial Swing
Lim ited Flexion Midswing
Lim ited Flexion Terminal Swing
Excess Flexion Loading Response
Inadequate Extension Midstance
Inadequate Extension Terminal Stance
Lim ited Flexion Preswing
Lim ited Flexion Initial Swing
Excess Flexion Loading Response
Inadequate Extension Midstance
Inadequate Extension Terminal Stance
In ^ e q u a te Extension Terminal Swing
Hyperextension Loading Response
Hyperextension Midstance
Hyperextension Terminal Stance
Hyperextension Preswing
Excess Piantarflexion Loading Response
Excess Piantarflexion Midstance
Excess Piantarflexion Terminal Stance
Excess Piantarflexion Initial Swing
Excess Piantarflexion Midswing
Excess Piantarflexion Terminal Swing
Excess Dorsiflexion Loading Response
Excess Dorsiflexion Midstance
Excess Dorsiflexion Terminal Stance
Excess Dorsiflexion Preswing
A verage o f the 26 variables

Knee

Ankle

Rater 1 (if =25)
&
Rater2(iF=25)
100*
92*
92*
■

B
B
80*
B
88*

R ater 1 (ir=25)
&
R ater 3 (i f =25)
88*
96*
96*

B

R ater2(n=si)
&
Rater 3 (if=5I)
88*
88*
90*
71
80*
80*
82*
78
90*
78
84*
92*
98*
96*
96*
100*
100*
90*
84*

B
B
B
76

84*
72
80*
72
84*
88*
76
100*
100*
92*
92*
100*
100*
84*
84*
84*
76
88*

76
72

B
76

80*
81*

B

72
92*
84*

84*
88*
80*
80*
82*
88*
86*

(SD = ± 2.78)

(SD = + 2.4l)

(SD = ±1.71)

84*
88*
96*
100*
92*
92*
100*
100*
84*

B

I= the variable is below the acceptable level of reliability based on
both the Kappa statistic and percent agreement

Appendix K
Tables 4.5 through 4.6
Concurrent Validity
Mean Kappa Statistic and Percent Agreement Values
for the 26 Rancho OGA Gait Variables
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Table 4.5 Concurrent Validity: Kappa Statistic Values for 26 Rancho OGA Gait
Variables
Joint
Hip

Gait Deviation

Rater 1
(n=25)
.468*
.648*
.648*

Rater 2

Rater 3

(11=49)

(i f =49)

Limited Flexion Initial Swing
.633*
.489*
Limited Flexion Midswing
.878*
-.034
Limited Flexion Terminal Swing
.777*
.241
Excess Flexion Loading Response
Inadequate Extension Midstance
.281
Inadequate Extension Terminal Stance
.425*
Knee
Limited Flexion Preswing
.405*
.481*
.520*
Limited Flexion Initial Swing
.606*
.613*
Excess Flexion Loading Response
.194
.447*
.517*
Inadequate Extension Midstance
.733*
.682*
.493*
Inadequate Extension Terminal Stance
.545*
.523*
.474*
Inadequate Extension Terminal Swing
0
0
0
Hyperextension Loading Response
0
0
.484*
Hyperextension Midstance
.648*
.647*
.295
Hyperextension Terminal Stance
.648*
.790*
0
Hyperextension Preswing
0
0
0
Ankle Excess Piantarflexion Loading Response
.621*
.675*
.675*
Excess Piantarflexion Midstance
.519*
.616*
.657*
Excess Piantarflexion Terminal Stance
.500*
.429*
.644*
Excess Piantarflexion Initial Swing
.783*
.492*
Excess Piantarflexion Midswing
.733*
.513*
.730*
Excess Piantarflexion Terminal Swing
.669*
.753*
.667*
Excess Dorsiflexion Loading Response
.538*
.590*
Excess Dorsiflexion Midstance
.669*
.521*
Excess Dorsiflexion Terminal Stance
.576*
Excess Dorsiflexion Preswing
.409*
Average o f the 26 variables
.456*
.463*
.388
* = acceptable level of reliability
B Q O m O O m = the variable is below the acceptable level o f reliability based on both the Kappa
statistic and percent agreement

DD
B

B

B
B

B

i

H

m
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Table 4.6 Concurrent Validity: Percent Agreement Values for 26 Rancho OGA
Gait Variables
Joint

G ait Deviation

Rater 1

R ater 2

Rater 3

__________________________________________________________ (tt=2S)_________ ( if =49)_________ (n=49)

Hip

Knee

Ankle

Limited Flexion Initial Swing
Limited Flexion Midswing
Limited Flexion Terminal Swing
Excess Flexion Loading Response
Inadequate Extension Midstance
Inadequate Extension Terminal Stance
Limited Flexion Preswing
Lim ited Flexion Initial Swing
Excess Flexion Loading Response
Inadequate Extension Midstance
Inadequate Extension Terminal Stance
Inadequate Extension Terminal Swing
Hyperextension Loading Response
Hyperextension Midstance
Hyperextension Terminal Stance
Hyperextension Preswing
Excess Piantarflexion Loading Response
Excess Piantarflexion Midstance
Excess Piantarflexion Terminal Stance
Excess Piantarflexion Initial Swing
Excess Piantarflexion Midswing
Excess Piantarflexion Terminal Swing
Excess Dorsiflexion Loading Response
Excess Dorsiflexion Midstance
Excess Dorsiflexion Terminal Stance
Excess Dorsiflexion Preswing
Average o f the 26 variables

84*
80*
80*
88*
80*
100*
96*
96*
96*
100*
92*
84*
80*
92*
88*
84*

a

84*

a
I

78

B

80*
84*
76
90*
94*
96*
98*
98*
90*
84*
78
96*
76
88*
76

B
B
E

80*
82*
84*
76
73
98*
96*
92*
94*
98*
90*
86*
86*

a

88*
84*
80*
80*
86*

a

82*

83*

84*

(SD = + 2.94)

(S P = ± 2.41)

(S D = ± 1.77)

* = acceptable level of reliability
= the vanable is below the acceptable level of reliability based on both the Kappa
statistic and percent agreement

Appendix L
Tables 4.7 through 4.18
Intra-Rater and Inter-Rater Reliability
Mean Kappa Statistic and Percent Agreement Values
at the Hip, Knee and Ankle for the
Three Functional Phases of Gait
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Table 4.7 Intra-Rater Reliability: Mean Kappa Statistic Values for Rater 1 (n=2S)
Hip
Knee
Ankle

Weight Acceptance
Mean
Min
Max
^98*
.598
.598
.143
0
298
.799*
.598
1.00

Single Limb Support
Max
Mean
Min
.623*
.840
.407
331
.746
-.056
.702*
.834
.590

Swing Limb Advance
Mean
Min
Max
-.042
.648
.418*
0
.595
279
.367
.651
303*

Table 4.8 Intra-Rater Retiabfli^i Mean Percent Agreement Values for Rater 1 (n=25)
Hip
Knee
Ankle

Weight Acceptance
Mean
Min
Max
80*
80
80
92*
84
100
90*
80
100

Single Limb Support
Mean
Max
Min
82*
72
92
88*
84
92
88*
80
96

Swing Limb Advance
Min
Max
Mean
92
96
95*
76
100
91*
68
88
78

Table 4.9 Intra-Rater Reliability; Mean Kappa Statistic Values for Rater 2 (n=51)
Hip
Knee
Ankle

Weight Acceptance
Mean
Min
Max
.682*
.682
.682
344
0
.687
.820*
.710
.929

Single Lnnb Support
Mean
Min
Max
.581*
.502
.659
.415*
-.027
.844
.638*
.446
.755

Swing Limb Advance
Mean
Min
Max
.390
234
.546
.434*
0
.768
.641*
.450
.749

Table 4.10 Intra-Rater Reliability: Mean Percent Agreement Values for Rater 2 (n=Sl)
Hip
Knee
Ankle

Weight Acceptance
Mean
Min
Max
84*
84
84
93*
86
100
92*
86
98

Single Limb Support
Mean
Min
Max
84*
84
84
94*
92
96
85*
78
88

Swing Limb Advance
Mean
Min
Max
91*
90
94
92*
84
100
83 *
73
90

Table 4.11 Intra-Rater Reliability; Mean Kappa Statistic Values for Rater 3 (n=Sl)
Hip
Knee
Ankle

Weight Acceptance
Mean
Min
Max
.691*
.691
.691
.807*
.613
1.00
.764*
.606
.922

Single Limb Support
Mean
Min
Max
.675*
.659
.691
.636*
0
1.00
.716*
.422
.947

Swing Limb Advance
Mean
Min
Max
.349
-.030
.779
.635*
0
1.00
.737*
.561
.839

Table 4. 12 Intra-Rater Reliability: Mean Percent Agreement Values for Rater 3 (n=51)
Hip
Knee
Ankle

Weight Acceptance
Mean
Min
Max
88*
88
88
91*
82
100
89*
80
89

Single Limb Support
Mean
Min
Max
86*
84
88
94*
88
100
90*
80
98

Swing Limb Advance
Mean
Min
Max
93*
84
96
95*
84
100
91*
88
96

* in d ic a te s a c c e p t a b l e l e v e l o f a g r e e m e n t f o r e a c h o f t h e t a b l e s a b o v e

Q Q O y m O m i = the variable is below the acceptable level of reliability based on both the mean
Kappa statistic and mean percent agreement
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T able 4.13 In ter-R ater R eliability: M ean K ap p a S tatistic Values fo r R a te rs 1&2 (n=CS)
Single Lnnb Support
Swing Limb Advance
Weight Acceptance
Mean
Min
Max
Mean
Min
Max
Mean
Min
Max
Hip
m
211
211
.645*
.468
1.00
H
^19
364
Knee
298
0
.595
360
0
.754
.152
0
.429
Ankle
.761*
.522
1.00
.431*
362
.573
H
333
.519
T able 4.14 In ter-R a ter R eliability: VIean P ercent A greem ent Values f o r R a te rs 1&2 (n=25)
Swing Limb Advance
Weight Acceptance
Single Limb Support
Mean
Min
Max
Mean
Min
Max
Mean
Min
Max
Hip
B
64
64
B
60
72
95*
92
100
Knee
94*
88
100
89*
84
92
83*
56
100
Ankle
88*
76
100
B
60
84
72
64
80

T able 4.15 In ter-R a ter R eliability: ^ e a n K ap p a S tatistic Values
Single Limb Support
Weight Acceptance
Mean
Min
Max
Mean
Min
Max
Hip
353*
.451
.655
BB
096
.096
Knee
.206
0
.412
312
0
.746
Ankle
.651*
203
1.00
.496*
.468
.519

for R a te rs 1&3 (n=25)
Swing Limb Advance
Mean
Min
Max
-.019
-.056
0
.198
0
.468
.549*
.412
.882

T able 4.16 In ter-R ater R eliability: ^ e a n Percent A greem ent Values f o r R a te rs 1&3 (n=25)
Single Limb Support
Swing Limb Advance
Weight Acceptance
Mean
Min
Max
Mean
Min
Max
Mean
Min
Max
Hip
78
72
84
93*
88
96
S
52
52
Knee
92*
84
100
87*
76
92
88*
72
100
Ankle
82*
64
100
85*
76
92
79
72
84

T able 4.17 In ter-R a ter R eliability: :Mean K ap p a Statistic Values fo r R a te rs 2& 3 (n=51)
Swing Limb Advance
Weight Acceptance
Single Limb Support
Mean
Min
Max
Mean
Min
Max
Mean
Min
Max
Hip
.427*
.427
.427
.182
-.034
.338
.511*
.493
.529
Knee
.384
0
.768
.437*
0
.480
.332
0
.583
Ankle
.807*
.614
1.00
.594*
361
.764
.605*
.509
.759
T able 4.18 In ter-R a ter R eliability: Mean P ercent A greem ent Values fo r R a te rs 2&3 (n=S l)
Weight Acceptance
Single Limb Support
Swing Limb Advance
Mean
Min
Max
Mean
Min
Max
Mean
Min
Max
Hip
71
71
71
80*
80
80
89*
88
90
Knee
94*
90
98
89*
78
96
88*
78
100
Ankle
90*
80
100
84*
80
90
81*
65
88
* i n d i c a t e s a c c e p t a b le l e v e l o f a g r e e m e n t f o r e a c h o f t h e t a b l e s a b o v e

= the variable is below the acceptable level o f reliability based on both the mean
Kappa statistic and mean percent agreement

APPENDIX M
Tables 4.19 through 4.24
Concurrent Validity
Mean Kappa Statistic and Percent Agreement Values
at the Hip, Knee and Ankle for the
Three Functional Phases of Gait
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Table 4.19 Concurrent Validity: Mean Kappa Statistic Values for Rater 1 (n=2S)
Hip
Knee
Ankle

Weight Acceptance
Max
Mean
Min
.080
.080
.097
.194
0
.179
.621

m

HI

Single Limb Support
Mean
Min
Max
.242
.138
.644*
.54
.733
.483*
.316
.669

m

Swing Limb Advance
Mean
Min
Max
.468
.648
J88*
0
.606
253
.604*
232
.783

Table 4.20 Cooenrrent Validity; Mean Percent Agreement Values for Rater 1 (n=25)
Hip
Knee
Ankle

Weight Acceptance
Mean
Min
Max
52
52
■
88*
80
96
56
92

■

Single Limb Support
Mean
Min
Max
56
60
■
90*
80
96
64
84
78

Swing Limb Advance
Mean
Min
Max
92
96
95*
80
100
91*
64
92
82*

Table 4.21 Concurrent Validity: Mean Kappa Statistic Values for Rater 2 (n=49)
Hip
Knee
Ankle

Weight Acceptance
Mean
Min
Max
.189
.189
224
0
.447
.607*
.538
.675

Single Limb Support
Mean
Min
Max
212
250
.523
.790
.661*
269
.616
.441*

Swing Limb Advance
Min
Max
Mean
.633
.878
.762*
0
.481
282
.409
.753
.542*

Table 4.22 Concurrent Validity: Mean Percent Agreement Values for Rater 2 (n=49)
Hip
Knee
Ankle

Weight Acceptance
Mean
Min
Max
59
59
B
87*
94
80
83*
76
90

Single Limb Support
Mean
Min
Max
59
71
fl
89*
76
96
84
77
69

Swing Limb Advance
Min
Max
Mean
94
98
96*
67
98
83*
73
96
83*

Table 4.23 Concurrent Validity; Mean Kappa Statistic Values for Rater 3 (n=49)
Hip
Knee
Ankle

Weight Acceptance
Mean
Min
Max
BH
.333
233
.501*
.484
.517
.633*
.590
.675

Single Limb Support
Mean
Min
Max
.281
.425
H
0
.493
216
.521
.657
.600*

Swing Limb Advance
Min
Max
Mean
-.034
.489
232
0
.613
.283
.336
.730
.533*

Table 4.24 Concurrent Validity; Mean Percent Agreement Values for Rater 3 (n=49)
Hip
Knee
Ankle

Weight Acceptance
Mean
Min
Max
■
71
71
90*
84
96
85*
80
90

Single Limb Support
Mean
Min
Max
B
63
76
84*
73
94
85*
80
86

Swing Limb Advance
Mean
Min
Max
90*
90
90
90*
80
98
80*
73
88

* i n d i c a t e s a c c e p t a b l e l e v e l o f a g r e e m e n t f o r e a c h o f t h e ta b l e s a b o v e

B B Q Q B B H D B H ~ *be variable is below the acceptable level of reliability based on both the mean
Kappa statistic and mean percent agreement

Appendix N
Tables 4.25 through 4.26
Percentages of Levels of Agreement for the
26 Rancho OGA sagittal plane gait variables
Combined for the Three Raters

Table 4J2S Percentages of Levels of Agreement based on 26 Rancho OGA Kappa
Statistic Values
Intra-Rater Reliability

Inter-Rater Reliability

Poor

5%

3%

Concurrent
Validity
1%

SUgbt

12%

22%

18%

Fair

6%

17%

18%

Moderate

21%

36%

30%

Substantial

38%

17%

32%

Almost Perfect

18%

6%

1%

Table 4.26 Percentages of Levels of Agreement based on Mean Kappa Statistic
Intra-Rater Reliability

Inter-Rater Reliability

Poor

0%

.04%

Concurrent
Validity
0%

Slight

4%

15%

15%

Fan-

19%

36%

37%

Moderate

22%

30%

30%

Substantial

48%

15%

19%

1%

.04%

0%

Almost Perfect
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Appendix O
Tables 4^7a through 4^7b
Types of Disagreements Between Raters Utilizing
Rancho OGA and Computerized 3-Dimensional Gait Analysis
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Table 4^7a Disagreements Types: Between Raters and Computerized 3-D
Galt Anafysis
Joint

Gait Deviation

Hip

Limited Flexion ISw
Limited Flexion MSw
Limited Flexion TSw

Knee

Ankle

Limited Flexion PSw
m m u m m
Excess Fl«don LR
Inadequate Extension MSt
Inadequate Extension TSt
Inadequate Extension TSw
Hyperextension LR
Hyperextension MSt
Hyperextension TSt
Hyperextension PSw
Excess Piantarflexion LR
Excess Piantarflexion MSt
Excess Piantarflexion TSt
Excess Piantarflexion MSw
Excess Piantarflexion TSw

Totals for the 26 Variables
Net Totals

Rater I
(n=25)
0
0
0

2
4
1
1
0
0
0
1
1
0
1
0
1
0
2
1
1
3
1
1

42

Rater = Yes & Computer = No
Rater 2
Rater 3
Totals for
(n=49)
(n=49)
Raters 1-3
1
3
4
1
1
2
1
1
2
28

6
1
0
0
0
0
0
0
0
0
1
4
7
9
10
4
0
1
1
1

87

4

8

7
5
2
0
6
I
0
0
1
0
0
1
3
2
1
3
4
2
4
4
1

16
13
8
1

7
1

0
0
2
1

0
3
7
10
10
15
9
3
13
19
8

61

190 instances where
rater = yes and computer = no
LR = loading response, MSt = midstance. TSt = terminal stance. PSw = preswing. ISw = initial
swing. MSw = midswing and TSw = terminal swing.
I= the variable was below the acceptable level of reliability
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Table 4.27b Disagreements Types: Between Raters and Computerized 3-D
Gait Analysis
Joint

Gait Deviation

Hip

Limited Flexion ISw
Limited Flexion MSw
Limited Flexion TSw

Landed Flexion PSw

Ankle

Excess Flexion LR
Inadequate Extension MSt
Inadequate Extension TSt
Inadequate Extension TSw
Hyperextension LR
Hyperextension MSt
Hyperextension TSt
Hyperextension PSw
Excess Piantarflexion LR
Excess Piantarflexion MSt
Excess Piantarflexion TSt
Excess Piantarflexion MSw
Excess Piantarflexion TSw

Totals for the 26 Variables
Net Totals

Rater 1
(n=25)

Rater = No & Computer = Yes
Rater 2
Rater 3
Totals for
(n=49)
(n=49)
Raters 1-3
2
6
4
5
4
6
18
14
40
5
21
5
12
7
22
10
8
22
6
8
16
12
12
29
5
1
6
2
3
6
2
3
5
4
1
3
1
1
2
4
4
9
4
12
4
13
5
4
16
3
B
7
2
3
4
9
2
8
12
30
6
16
8
3
26

a

2
1
4
2

5
0
1
0
0
0
1
4
4
2
1
3
10
1

1
73

147

145

365 instances where
rater = no and computer = yes
LR = loading response, MSt = midstance, TSt = terminal stance, PSw =preswing. ISw = initial
swing MSw = midswing and TSw = terminal swing.
I= the variable was below the acceptable level o f reliability

